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PERFORMANCE STARTS HERE 


A 1/1000th inch mistake can reduce a rotary pump’s capacity by 10% 


Close tolerances are extremely important 
in a rotary pump. Capacity, efficiency, 
quietness, and low maintenance depends 
on the accuracy built into the pump. 
That's why Worthington has invested 
many hundreds of thousands of dollars 
in precision equipment designed specifi- 


cally for the manufacture of rotary 
pumps. The air-gauging machine above, 


for example, checks the interior dimen- 
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sions of a rotary to an accuracy of one 
ten-thousandth of an inch. 

Every Worthington rotary is meticu- 
lously checked at each stage of con- 
struction. When you buy a Worthington 
pump, rotary or centrifugal, this quality 
is yours at no extra cost. 

For the name of your nearest Worth- 
ington pump distributor consult the 
Yellow Pages. Or write to Worthington 


Corporation, Section 20-16, Harrison, 


New Jersey. 


WORTHINGTON 





DESIGN 
NOTES 


C/R offers 

new bonded 
CRS Seal design 
in standard sizes 
— without premium 
tooling charges 





ae © 


CRS-A CRSH 


Design Advantages 


The CRS Seal now provides a new level of 
C/R Seal performance through its simple, 
bonded design. There are no internal parts 
to misalign, no avenues for internal leak- 
age. The shell and sealing member are 
integral — bonded securely for the long 
life of the seal. The CRS Seal incorporates 
a sealing member with both improved lip 
configuration and improved concentricity. 
The sealing member has been strengthened 
over former designs by placing more ma- 
terial at points of major flex and wear — 
and without increased shaft loading. 


Designer Advantages 


The CRS Seal gives the designer one, basic, 
rugged shaft seal design which may be ap- 
plied with high reliability to the great ma- 
jority of common shaft seal applications 
— particularly in industrial, automotive, 
farm, and off-the-road equipment. 


Four basic design variations are available. 
As you can see, these provide an auxiliary 
sealing lip, where it may be required, or 
provide extra rugged shell construction 
where conditions suggest the need to pro- 
tect the seal lip against assembly damage 
—or where large, heavy-duty shafts are 
being sealed. 
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Selection of the new C/R Type CRS Seal 
gives the designer and buyer major advan- 
tages over special seals: shorter lead time 
on orders, simpler specification, savings in 
time and money, and improved assembly 
quality and reliability. 


Operating Maximums 

Shaft Speeds 3600 fpm (single lip) 

2500 fpm (double lip) 

015” TIR dynamic 
eccentricity 

.010" static eccentricity 

—30 to +275°F. 

(225°F. in EP lube) 

5 psi (single lip) 

10 psi (double lip) 

Oil, grease, fuel, water 


Run-out 


Temperature 
Pressure 


Media 


*Not all conditions present in one application 


New, Improved Compound 
Standard sealing members for the C/R 
Type CRS Seal are molded of a new Sir- 
vene synthetic rubber compound having 
markedly superior sealing and wearing 
properties. It is a Buna-N-based material 
with low-friction characteristics. The CRS 
Seal can also be furnished in the usual 
special materials such as acrylates, Sili- 


cones, and butyls. Shells are of standard 
steel, but can be provided in corrosion- 
resistant materials on special order. 


Consult C/R Engineers 


For assistance on the application of the 
new CRS —or on any oil seal problem, 
get in touch with C/R Oil Seal Engineers. 
They're specialists in fluid sealing — and 
will gladly cooperate with you. 


For More Design Data: 

You will want the complete design data 
on the new CRS Seal. Write for our Bul- 
letin CRS-100. It gives you the complete 
list of standard sizes, widths, O.D.’s, shell 
thicknesses and sealing lip heights. You 
will want it to compare and then specify 
C/R’s CRS Seal. 


CHICAGO RAWHIDE 
MANUFACTURING COMPANY 
Chicago 22, Illinois 
Offices in principal cities 


1237. Elston Avenue * 


See your telephone directory 
in Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd,, 
Brantford, Ontario 


Expert Sales: Geon International Corp., 
Great Neck, New York 
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14 Rules for Cooling with Blowers....................4.. 39 


They’re not quantitative—they are simple 
principles taught by bitter experience. How 

to choose a blower configuration; how to mount 
it; how to duct the air and position the cooled 
components. A M Wilczenski 


atime Ge WER TOROS. 2... ccc cc cc crcccrcccsevecs 42 


Don’t underrate diamond as an engineering 
material. It offers many properties no metal 

or ceramic can duplicate. Look at how well it 
serves as a miniature bearing and as a relay- 
contact material. A G Asaff 


S Comtrol Mlowmllegs... 2. ccc cece ccc cece ner cccccee 58 


Must the control lock? Seal? Be resettable? 
Have limit stops? Knob location and shape 
influence and are guided by what is back of the 
panel. F W Wood Jr 


Steel Tapes Locate 88-character Type Head................ 46 


IBM’s revolutionary return to the fixed-carriage, 
moveable-type-head typewriter offered designers a 
unique challenge in character selection and 

typing action. The solution—steel tapes and 

two sets of differential linkages. 
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Deflections and Stresses of Complex Flat Springs 
Here are the 12 basic shapes and how they may 
be combined to make more complex forms. 
Equations are backed up by a much simplified 
method for design and prediction of spring 
characteristics. A Blake 


How to Select a Synchro 

Transmitter-receiver sets are an excellent 

choice for precise indication and control in the 
inch-ounce range. Sizes and capabilities are 
well standardized after years of military application. 
P J Mulvey 


Engine and Body Varieties Highlight 62 Automotive Panorama 65 
Car manufacturers try new tack—in-between 
body sizes and high-performance, economy, 


cast-iron engines. 


Should the US Go Metric? 
Compulsory conversion is being talked of as 
a real possibility in government circles. Engineers 


are assessing costs and problems. 


Specially Designed Buoy Will Map Lake Michigan’s Flow.... 70 
Two types—one to collect deep water information, 

the other for under 100-ft shallows—will radio 

flow and pollution data to shore stations every hour. 





New Components 
Your Turn 
Equipment 

Design Literature 
Advertisers Index 
Reader Service Cards 





COMING 
NEXT 
ISSUE 


Theoretical Formability 


First time published anywhere— 
design charts and equations to pre- 
dict sheetmetal forming failures for 
19 materials, 12 processes. 


Properties of Glass 


More accurate tensile strengths of 
seven glasses plus a roundup of 
mechanical properties and how they 
change with rising temperature. 


Which Stress-analysis Technique? 


Here are the 7 main categories, from 
strain gages to brittle coatings, plus 
selection tables. First of a series. 


Put Eddy Current to Work 


Transmit forces without contact. 
Sense position, damp vibration with 
this basic, but often misunderstood, 
electromagnetic phenomenon. 


Hangers Put Up by Hand 


No tools needed to install these 
hangars made of rod, wire or bar- 
stock raw materials. 





PRECISION-FORMED 


METAL 


COMPONENTS 








Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra- 
ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 


NICKEL, MAGNESIUM, TITANIUM, 


SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


c.B. KAUPP & SONS 


Newark Way, Maplewood, N. J.—POplar 1-4000 





Bridge and Four Walls 


Man has always been particularly intrigued and impressed by largests, 
smallests, highests, firsts. There was a time when theological arguments 
revolved around how many angels could dance on the head of a pin, 
a later one when the Lord’s Prayer engraved on a pinhead was the acme 
of miniaturization. News and international prestige have been made by 
highest buildings, biggest dams—and currently by firsts in space. And 
feature writers have wondered at the pages of specs and prints for any 
complex engineering product—measuring the new battleship or bomber 
in terms of pounds of blueprints, for example. We have pointed pridefully 
to our acres of tracings and files. 

The tons of paper and bins of replacement parts seem destined for 
obsolescence as replaceable assemblies and, “drawings” on tape and micro- 
film take over (PE—Jan 30 ’61 cover). And high time, too. The cost 
of drafting has increased so markedly in recent years that it has been 
estimated at more than 15% of the over-all cost of some mighty expensive 
and exacting designs. 

But our problems are dwarfed by those of ancient Egypt. Macaulay, in 
“Fragments of a Roman Tale” (Knight’s Quarterly Magazine, June, 1823), 
tells this story: 

“About four hundred years after the deluge, King Gomer Cheporaod 
reigned in Babylon. He united all the characteristics of an excellent sov- 
ereign. He made good laws, won great battles, and whitewashed long 
streets. He was, in consequence, idolized by his people and panegyrized 
by many poets and orators. A book was then a serious undertaking. 
Neither paper nor any similar material had been invented. Authors were, 
therefore, under the necessity of inscribing their compositions on massive 
bricks. Some of these Babylonian records are still preserved in European 
museums; but the language in which they were written has never been 
deciphered. Gomer Cheporaod was so popular that the clay of all the 
plains around the Euphrates could scarcely furnish brick kilns enough 
for his eulogists. It is recorded in particular that Pharonezzar, the 
Assyrian Pindar, published a bridge and four walls in his praise.” 

If you object to your present necessary reading, what would you have 
done then? And what will you do tomorrow, unless a more practical 
shorthand is developed for engineers? 

Perhaps the solution is already in the making, as the age of solid-state 
physics dawns. The newspapers recently outdid even themselves in extol- 
ling the wonders of complete electronic circuits in tiny wafers and of 
apartment ice-makers with no moving parts. For such devices, there are 
few prints and fewer maintenance manuals. One, it seems, does not 
repair; one replaces. The difficulty seems to be, however, that these 
devices are quite costly because the component that fails to pass inspection 
is unreclaimable scrap. And, like miniature vacuum tubes, many fail. 

Yet, thirty years ago, US Time had a simple—and similar—test for 
dollar watches. They were wound and hung on a board. Those that, 
at the end of the test cycle, were outside tolerance were simply chopped 
in half; repair cost 54¢ while the original product cost only 39¢. (The 
Army has recently resurrected this idea in eliminating watch repairmen; 
it’s cheaper to replace $7 wristwatches in the field than to maintain 
expensive ones, although some attacks may be a bit ragged as a con- 
sequence. ) 

This brings up another philosophy that it will take a new generation to 


METAL CRAFTSMEN 
SINCE 1924 
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STEVENS Major Appliance THERMOSTATS 


Leading major appliance manufacturers are turning to Stemco Commercial 
Thermostats in increasing numbers for the same reasons that have made 
Stevens the big name in table appliances: Fresh, creative thermostat designs 
that perform better, longer . . . broad product line that enables appliance 
designers to satisfy all special requirements with a production line 
thermostat, or minor modification thereof . . . meticulous testing, calibration 
and quality control that banish service problems . . . realistic pricing 

for volume. Contact our Applications Engineering Dept. for 

solution to your thermostatic control problems. 


*Table appliances, too: Skillets, saucepans, griddles, inhalers, 
fans, steam and flat irons, roasters, fry kettles, butter 
warmers, waffle irons, electronic and avionic applications. 


Stemco Type GP Thermostats, one of a family disc type 
potted thermostats for moisture resistance. Used on refrigerators, 
freezers, coolers, etc. Fast response and quick, snap action control. 


Stemco Type GY Thermostat, one of a number of similar designs 
with exposed or enclosed bimetal disc for dryers, heaters, air 
conditioners and similar applications. Various terminals 

and mounting provisions. 


STEVENS manufacturing company, inc. 


P, ©. Box 1007 * Mansfield, Ohio 
THERMOSTATS 


Creative designers and competitive producers of the best in bimetal thermostats 
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| SEAL WITH A | | HORIZONS continued 


accept fully. In your youth and mine, the family slogan was usually 
“Waste not; want not.” We turned off lights, picked up and straightened 
nails, saved string. No one ever considered the cost of time and labor; 
we still believed that men and time were expendable but physical assets 
cost money. 

I shall never forget the two shocks in quick succession that made me 
realize our philosophy was changing—the carpenter who said flatly that 
it cost more for him to stoop to pick up a dropped nail than the nail was 
worth, and the master mechanic who simply clipped off connecting 
lugs from machine power leads at the box—again because his time was 
too valuable to waste in taking off the nuts. (In each case, I found my 
time was less valuable somehow; I had to pick up the nails to prevent 
punctures and to salvage the lugs so the machine could be reconnected at 
its new location. ) 

Perhaps we're becoming too efficient—too efficient to do what was 
once a workmanlike job. And time and space are too valuable to keep 
records in their original form. And with it we’re becoming too blas¢é— 
unwilling to do the workmanlike job, unwilling to take the real interest 
that leads to a real job. And so blasé that a bridge and four walls could 
no longer serve two purposes as they did six millenia ago. 


An American is a guy who sips Brazilian coffee from an English cup 
while sitting on Danish furniture after coming home in his German car 
from an Italian movie—then writes his Congressman with a Japanese 
ballpoint pen, demanding that he do something about all the gold that’s 
leaving the country. —Harry Lieberman, comedian, San Francisco 


Rotating 


Metal Bellows “A continuous, avalanche-like growth in the number of publications” is 


SEAL causing Russian scientists to spend more than half their working hours 

trying to keep abreast of latest developments, only 35% in actual experi- 
ment, according to the Academy of Sciences, USSR. Traditional theories 
of bibliography and library science fail to satisfy current requirements; 


* Only one moving part 


¢ Unlimited shelf life no one of 350 known systems “can be considered satisfactory.” Perhaps 
Cid ° +go00° our best bet for slowing Russian advances is to make all American 
* ~350' to F literature available in the USSR. 


” 





Because every “605” is suitable 
for a thousand and one different 


applications, you can reduce seal ee ? : : i . SS ae ee ee 
inventories and spares up to 40%. . People scorn what they don’t understand, Congressmen like anyone 


The secret is in the fact that every else. A non-engineer friend waxed quite satirical over the pumped-storage 
“605” is fully pressure balanced hydro plant idea; the idea of pumping water uphill during offpeak periods 
and uses no dynamic elastomers. so it is available during peaks struck him as ridiculous. But when he 
Result? Unlimited shelf life and, learned that the idea b th his Swiss ancestors at least 30 years ago 
if certain basic requirements are carne that the idea began wit is SWiss ancestors at east SU years ago, 
met, any place a compact “605” he listened soberly to an explanation. The Swiss are not foolish or wasteful 
will fit, it will work. people . . . The New York Times for August 22, however, carried a UPI 
Try one and see for yourself. Sizes report on a House Interior subcommittee meeting the previous day. Rep 
from .875” to 2.500” shaft diameter Walter Rogers (D, Texas), chairman of the Irrigation & Reclamation Sub- 
are available for immediate deliv- committee, and co-sponsor of legislation embodying the pumped-storage 
ery. Send today for catalog and ide alled & 0 “Rube Gélitere | tae Times Coenen i ile eh 
price information. No obligation, idea, called it a “Ru oldberg invention. ep James aley (D, 
of course. Fla) snapped, “A waste of the taxpayers’ money!” Interior Dept men 
explained the idea, said it would reclaim two of each three kilowatts spent 

in pumping. Rep Rogers inquired why only 2 kw would come back down- 

hill if 3 kw of water were sent uphill. Says the dispatch, “By this time, 

most of the committee was roaring with laughter.” Engineers for the 

Bureau of Reclamation explained that pumping uphill and flow down were 

1310 Post Road, Providence 5, R. I. each only 85% effiicient, that we have a pumped-storage unit at Flatiron 
New York * Chicago * Cleveland * Los Angeles Dam in Colorado, that Folsom, Calif; El Paso and Albuquerque in NM; 
San Francisco * Houston * Philadelphia and Casper, Colo, are other possibilities . . . Somehow, we’re reminded of 

Paris, France * Uxbridge, England the story of Nero, who fiddled while Rome burned. 
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NEW—TWO LOW-COST MINIATURE BALL BEARING LINES 


New Departure ABEC 3* and ABEC 5* miniature ball bearings now offer manufacturers of 
precision miniature potentiometers, gear trains, motors and similar precision products the opportunity 
to reduce bearing costs substantially. 

New Departure ABEC 3 and ABEC 5 bearings can be used wherever the high precision and perform- 
ance of ABEC 7 bearings are not required. They offer the engineer greater design versatility—he 
can select the most economical bearing for each application. Moreover, New Departure ABEC 3 
miniature ball bearings can be used to upgrade products presently using precision sleeve bearings. 
New Departure will continue to offer super precision ABEC 7 miniature ball bearings for your highly 
critical applications. 

If you are planning a re-evaluation of your miniature bearing applications, it will pay you to consult 
the N/D Sales Engineer in your area. His assistance may help pave the way to reduced parts 

cost or enhance the quality of your product. For more information, write for booklet AST, INf> 
NEW DEPARTURE, DIVISION OF GENERAL MOTORS CORPORATION, BRISTOL, CONN. 


*Bearing tolerances as established by the Annular Bearing Engineers Committee of the Anti-Friction Bearing Manufacturers Assoc. 


he 


NEV DOE PAR TURE 


MINIATURE AND INSTRUMENT BALL BEARINGS 
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TO PUT MUSCLES 
THAT 


With the spotlight on reliability, better make 
it forged is an idea that merits serious 
consideration. 

Forged parts offer the highest possible 
strength to weight ratios. They provide 
greater ductility, soundness, and fatigue 
resistance. And, forging assures superior 
part-to-part uniformity —in physical and 
mechanical properties, grain size, dimen- 
sions, and surface. 

The truck transmission gear forging at 
left is an outstanding example of metal- 
working by the forging process to take 
advantage of the inherent directional prop- 
erties of forged steel. Upset forged by 
Transue & Williams Steel Forging Corpora- 
tion, Alliance, Ohio, the part has been cross 
sectioned and etched to reveal grain flow. 

In forging, only quality controlled bar or 


et) 


INTO PARTS 
MUST PERFORM 


ingot stock is used. Forging (or combination 
forging and extrusion) achieves grain refine- 
ment that produces the best possible material 
for response to heat treatment. In addi- 
tion, die design is engineered to orient grain 
flow in the direction requiring maximum 
strength. 


Republic Steel, the nation’s largest pro- 
ducer of forging quality steels, offers a 
complete range of bar sizes, shapes, and 
materials. Teams composed of mill, field, 
and laboratory metallurgists can help you 
select and apply the most economical car- 
bon, alloy, stainless steel, or titanium 
capable of meeting your requirements. 


For information, contact your nearest 
Republic sales office or mail the coupon 
below. Please indicate if you would like a 
metallurgist to call. 


REPUBLIC STEEL CORPORATION 
DEPT. PE -2436 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send more information on forging quality: 








O Carbon Steel O Stainless Steel 
O) Alloy Steel O Titanium 
Have a metallurgist call: 
O Carbon Steel 

D Alloy Steel 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


O Stainless Steel 
() Titanium 


Name Title 





Company 
Address 
City Zone__ State. 
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HIGH TORQUE at SLOW SPEED 


Patent No. 2,821,171 


New Char-Lynn Hydraulic ORBIT MOTORS” 





deliver Full Torque regardless of speed range 





It’s Here—A NEW concept in fluid 
power mechanics has brought about 
the development of a totally new 
fluid motor—A High Torque—Low 
Speed motor. 

These motors open up complete 
new areas for design, never before 
possible. They offer a practical and 


100% OF MAXIMUM 
EFFICIENCY 
CHAR-LYNN 


economical hydraulic solution to the 
age-old problem of providing High 
Torque at Low Speeds for constant 
and variable speed drives—hydro- 
static transmissions and remote con- 
trols without bulky, costly mechan- 
ical drives and gear reducers. 











>APPROX. 


Whereas hydraulic losses make some conventional designs prohibitive 
at the lower speeds, Char-Lynn ORBIT MOTORS maintain high 
efficiency over the complete operational range. 


Speeds from O—800 RPM 
Torques to 3300 inch Ibs. 


Starting torque substantially equal 
to running torque 

Fully reversible — instantaneous 
starting—stopping 

Only 3 moving parts 


@ 4 types of mountings available 


3 port sizes —7 power element 
selections 


Compact—lightweight 
Eliminates costly and complicated 
power transmissions 


High volumetric and overall 
efficiency 


HOLDKONTROL 
VALVE 
V-960 


HORSEPOWER 
PUMP 
400 


HI-LO POWER 
PAC PUMP 
P-400 


STROKONTROL 
CYLINDER 
C-133 


HORSEPOWER 
CYLINDER 
™ C-102 


HYDRAULIC 
FLUID 
FILTER 
F-240 


HOSE 
COUPLER 
H-730 


For complete details write Dept. HM Char-Lynn Company + 2843-26th Avenue South, Minneapolis, Minnesota 
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HYDRAULIC HORSEPOWER 
PRODUCTS 
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INTERESTING TO NOTE 





N 1714, Queen Anne of England 

granted a patent for a device to 
reproduce letters of the alphabet “so 
neat and exact as to not be distin- 
guished from print.” It was the begin- 
ning of the modern typewriter. 

The man who received the patent, 
an engineer named Henry Mill, was 
searching for the solution to an age-old 
problem. The only method known 
of Keeping daily records and transact- 
ing business was to have letters and 
documents copied with pen and ink 
by a professional “scrivener.” It was 
a slow method and results were often 
so sloppy they couldn't be understood. 
Mill realized that a quick, easy way 
of putting type on paper was the an- 
swer, but he was unable to turn his 
idea into a working model. However, 
word of his idea spread and stirred the 
imagination of other inventors. The 
next hundred years saw at least 50 
more attempts to make the writing 
machine a reality. Some of the devices 
even worked—after a fashion. Most 
were just impractical contraptions. 

Then an American named William 
Burt developed a machine in the early 
1820s called the “Typographer.” A 
heavy, boxlike device made mostly of 
wood, it worked very much like today’s 
toy typewriters. You turned a wheel 
to select the desired letter, pressed 
down a bar to transfer ink impression 
to paper. The letters came out neat 
and clear, but handwriting was still 
faster. Still, it was a start and the 
- ideas kept flowing. A Frenchman 
patented a “typographic” machine in 
1833 that also worked. Only trouble 
was, the entire machine moved around 
the paper making it too clumsy for 
practical use. The Soviets got into the 
act about 1840 and built a typewriter 
looking much like a permanent-wave 
machine. An American in 1857, de- 
veloped one with 78 type bars arranged 
in 13 rows. It was as tall as a piano 
and rather looked like one. 

Development of the first practical 
typewriter began in 1866. Christopher 
L Sholes, a distinguished newspaper- 
man, politician and printer belonged 
to an informal club of “tinkerers.” 
They met to exchange gossip but be- 
tween talk they worked to perfect un- 
likely gadgets. Sholes’ project was an 
automatic page-numbering device. Dis- 
cussing some of the ideas that were 
beginning to arouse considerable in- 
terest, one of the club members 
suggested to Sholes that he convert 
his numbering device to a _ writing 
machine. Sholes decided to try. 

His main idea: place the type on 
a short bar and make it strike up 
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Lillian Sholes at her father’s typewriter. 


against a piece of paper held in place 
by a glass plate. It worked. During a 
demonstration the following week, he 
managed to print the letter “W” each 
time he struck a key. It was just a 
matter of time before he added the 
rest of the alphabet and numbers. As 
one reporter of the time wrote: “They 
let the funny thing go,/And by jingo! 
It prints the lingo .. .” Sholes and his 
backer, James Densmore took the ma- 
chine to E. Remington & Sons, Mo- 
hawk Valley, N. Y., gunsmiths and 
sewing machine manufacturers. A 
company was established to produce 
and market the first practical com- 
mercial typewriter, the Remington No. 
1, made in September 1873. In the 
decade following, a multitude of im- 
provements changed the typewriter 
from a gadget to a machine vital to 
the persuit of business. On page 48, 
a further improvement is described; 
the carriage remains stationary while 
the type does the moving. A modern 
edition of Burt’s “Typographer”. 


The race around the world 


At just about this time every year, 
the major automobile companies un- 
veil their new model cars in showrooms 
across the country, (see article, page 
65). Usually tied to the new car 
presentations is a series of elaborate 
promotional schemes. Few schemes, 
however, can match the enthusiasm 
generated in 1903, when the Paris 
newspaper Le Matin and The New 
York Times teamed up to demonstrate 
the possibilities of the automobile and, 
at the same time, promote interna- 
tional good will. The papers offered 
a prize to the fastest car traveling a 
20,000-mile route from New York to 
Paris via San Francisco. Vladivostok, 
Moscow and Berlin. Six cars repre- 
senting France, Germany, Italy and 


America were lined up at the starting 
line, Times Square, while a quarter 
of a million people cheered them on. 

The first casualty, a French Sizaire- 
Naudein, driven by Auguste Pons 
(father of Lily), occurred outside 
Poughkeepsie, N. Y. Pons was lead- 
ing the pack when a rear axle snapped. 
Replacement parts were not available, 
and he was out of the race. Ger- 
many was represented by a Protos 
made in the Krupp works; France 
by a De Dion; Italy, a Zust. The 
American entry was a 60 hp chain- 
driven Thomas Flyer driven by Mon- 
tague H. Roberts, driving teacher to 
the Roosevelts. 

The trip across the United States 
was complicated by bad weather. Snow 
and ice hampered the cars in the East; 
drifts in Indiana slowed the Thomas 
to 8 miles in 22 hours. 

In many parts of the country, entire 
villages turned out to see the cars 
pass; schools were closed and a holi- 
day declared. Going through Wyom- 
ing, the Italian Zust was pursued by 
timber wolves, and the racers earned 
$200 in bounties by shooting animals. 

On March 24, 41 days from Times 
Square, the Thomas rolled into San 
Francisco. The car then drove to Seat- 
tle where it waited for the Protos and 
was shipped to Vladivostok. On May 
22, the Thomas and the Protos landed 
and headed west toward Paris leaving 
the Zust and the De Dion far behind. 
At many places, the cars were the 


Long Island Automotive Museum 


Several miles west of Vladivostok, 
Thomas and Soviet carts. 


Roads usually looked 
like “a streak of mud as far as the 
eye could reach.” At one point they 
found it easier bumping along the 
tracks of the Trans-Siberian railway. 

On the evening of July 30, the 
Thomas drove into Paris. Although the 
Protos beat the American entry to 
Paris by four days, the Thomas was 
declared the winner because of the 
time it picked up crossing the United 
States. In 88 days of driving the 
Thomas covered 13,341 miles — a 
chore noteworthy even by today’s 
standards. —Benedict A Leerburger Jr 


first ever seen. 
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TWO AUTOMOTIVE TYPE WRENCHE 


Re 


Andy Anchor says: 


“The Anchor representative who calls 
on you is a qualified specialist with 
years of experience in the hydraulic 
field. He will welcome an opportunity 
to help you with your 

hydraulic plumbing 

problems. 


... THE PLEDGE OF 
PERFORMANCE 


CLAMP-TYPE 
REUSABLE COUPLINGS 


Engineers and operators rely on these 
easily applied, streamlined Anchor 
Clamp-Type Couplings for fast, emergen- 
cy repair and field service, as well as 
original equipment application. 

Designed to accommodate normal var- 
iations in hose, they can be applied in 
the field with no tools other than a pair 
of automotive-type wrenches, and once 
applied, provide a sure, safe, leakproof 
connection that will remain intact up to 
the burst point of 2 and 3-wire braid 
hose. 

Anchor Clamp-Type Reusable Cou- 
plings are supplied in high, medium or 
low pressure styles, for 3-Wire, 2 Heavy 
Wire, 2-Wire, 1-Wire, and Hi-Burst 2- 
Rayon Braid Hose, as well as Spiral Wire 
Suction Hose. 


Write for Catalog No. 304. 


ANCHOR COUPLING oma i. len 


360 North Fourth St., Libertyville, I. 


Branch Plants: Dallas, Tex., Plymouth, Mich. 
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Why not a rubber car? 


To the Editor: 

Cars of today use metal as if there 
weren't an alternative in sight. Yet 
rubber should be familiar to makers 
of cars. Rubber padding all around 
the sides of cars, also covering bump- 
ers and protecting the lights, would 
do much to make driving more 
fun, more relaxing and less costly. 
Head-on collisions would still be fatal 
but sideswiping would be dismissed 
with “so sorry.” Expense? To a 
degree it would be more costly to have 
steel covered with rubber. Yet there 
would also be a saving since the metal 
underneath the rubber padding would 
be left raw. Maintenance? Whoever 
spent hours polishing a car knows it 
is not too easy. Rubber can be cleaned 
chemically—needs no polishing. Let 
us grow up and grow into the car of 
the future—the new soft car. 

—BRUNO LINSKER 
New York City 


Competent supervisor 


To the Editor: 

Read your editorial, “Old Man 
Noah,” Aug 21, p 31. Noah did al- 
right with his project but with his 
boss being “Engineer of the Universe,” 
he had an Almighty competent super- 
visor to guide him. —R D MartTIN 

Buffalo, NY 


Freedom isn’t simple 


To the Editor: 

I was disappointed with your June 
26 editorial on “Leader, Not Dictator,” 
p 39. There is no argument for dic- 
tators as such and certainly this is 
not my disagreement, but when you 
say Trujillo is dead, long live freedom, 
I am sure that you missed the point of 
the impact of Trujillo’s death. In the 
first place freedom isn’t nearly as sim- 
ple as that. In the case of Trujillo we 
probably face the current alternative 
between supporting a “rightist” dic- 
tator as compared to a “leftist” dic- 
tator with the word “leftist” merely 
being a camouflage for one of the 
faces of Communism. 

A point I would also like to make 
is that freedom is not as simple as you 
suggest. As you look at history you 
will find that individual freedom has 
never occurred outside a climate of 
Juda-Christian sense of morality and 
even here it does not exist to any great 
degree unless individual citizens under- 
stand and enthusiastically practice in 
the work-a-day world these religious 

continued, page 14 
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BEARING 
WITH A 
RED HOT FUTURE 


MOTION ENGINEERING 


Advanced ball and roller bearing technology 





On special test equipment in SSSF’s research laboratory, 
experimental ball and roller bearings are run at tempera- 
tures up to 1000° F' and above—conditions under which 
steel becomes red hot and loses its strength, while conven- 
tional lubricants burn or boil away. To meet these prob- 
lems, bearings made of special heat-resisting alloys and 
exotic new materials are tested and evaluated. New ideas 
in design and new approaches to lubrication are constantly 
being investigated. 

Bearings to resist extremely high temperatures are 
needed for improved, high performance jet engines, gas 
turbines and other equipment. Special SSF bearings have 
been tested successfully in environments at about 1000° F. 
Under certain conditions of operation, much higher tem- 
peratures are practical. 

Research like this is your assurance that SOS will al- 
ways keep pace with demands for the highest possible 
performance in all major types of rolling contact bearings 
—ball, cylindrical roller, spherical roller, tapered roller 
and precision miniature. S9SF Industries Inc., Philadel- 
phia 32, Pa. 6103 
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Standard 
high speed coupling. 


Standard: 20,000 rpm 
special: 70,000 rpm 


Waldron high speed gear couplings are made with special care to prevent 
vibration—the usual troublemaker at high speeds. All parts are machined 
and inspected to close tolerances. Every assembled coupling is dy- 
namically balanced on an arbor. Forged alloy steel gives them reliable 
strength, and they can be furnished grease-packed or continuously 
lubricated. Write for bulletin S-1500. 


e . + ° ° . o . + . + . 





Max. rpm 


20,000 
18,000 
15,000 
12,500 
11,000 
9,500 
8,500 
7,500 
6,500 
6,000 


Standard size HP/100 rpm 
1144 HS | 19 
Tt ee 

“2% HS 50 
3 HS 87 
314 HS 125 
4HS 210 
414 HS 305 
5 HS 410 
51% HS 550 
6 HS 675 


Max. bore 


WALDRON -HARTIG, Box 791, New Brunswick,N.J. [\ 4 
a division of Midland-Ross Corporation Wg 


WALDRON 


Makes it easy to pick the right 
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READER TO EDITOR 





principles. These principles cannot 
be boxed and packaged and shipped 
from one part of the world to another; 
they cannot be transmitted genetically 
from one generation to another; they 
have to be understood and exercised 
in our daily actions. —J WM SYDNOR 

Peoria, Ill 


COMING EVENTS 





OCTOBER 


9-11... . Institute of Radio Engi- 
neers and AIEE, National Electronics 
Conference, International Amphithea- 
ter, Chicago 


9-13 .... Society of Automotive En- 
gineers, National Aeronautic Meeting, 
The Ambassador, Los Angeles 


15-20 . . . . American Institute of 
Electrical Engineers, Fall General 
Meeting, Statler-Hilton Hotel, Detroit 


17-19 .... American Society of Lu- 
brication Engineers, and ASME, 8th 
Annual Lubrication Conference, Mor- 
rison Hotel, Chicago 


19-20 .... Illinois Institute of Tech- 
nology and Armour Research Founda- 
tion, 1961 National Conference on 
Industrial Hydraulics, Sherman Hotel, 
Chicago 


19-20 .... American Society for Qual- 
ity Control, 16th Midwest Conference, 
Chase-Park Plaza Hotel, St. Louis 


American Society for Met- 
43rd National Metal Congress, 
Cobo Hall, Detroit 


24-26 .... Society of Automotive En- 
gineers, National Transportation Meet- 
ing, Chase-Park Plaza, St. Louis 


sociation, Fall Meeting, Sheraton Ho- 
tel, Philadelphia 


25-26 . . . . Armour Research Foun- 
dation, 1961 Computer Applications 
Symposium, Morrison Hotel, Chicago 


29-31 . . . . Society for Experimental 
Stress Analysis, ASME, NSF and 
others, International Symposium on 
Photoelasticity, Illinois Institute of 
Technology, Chicago 


29-Nov 1... . American Gear Manu- 
facturers Assn., Semi-Annual Meeting, 
Edgewater Beach Hotel, Chicago 


For a listing of addresses of societies 
and associations send 25¢ to Product 
Engineering Reader Service Dept, 330 
W 42nd St, NY 36. Ask for brochure 
R 32. 
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Stop Heat Cold With 
Any Flexible Material — Aluminated 


Your 63 car may be the coolest ever. Chances are there will be a new 
concept in temperature reflection under the roof . . . woven headliners 
combining aluminum’s temperature reflectivity and light weight with 
fabrics’ acoustical quality and good looks. 

Automobile headliners—Aluminated—a new process by Thermo- 
Chem that impregnates any flexible material with aluminum. Alumina- 
tion increases utility and widens useful temperature range by giving up 
to 20 times more heat (and cold) reflectivity. 

Alumination doesn’t crack, peel off, discolor. It won’t lose its tem- 
perature-reflecting ability. And it adds strength without excess weight. 

A thousand ordinary materials will soon be working in hot places 
they’ve never been before. 

They can hardly wait. 

Thermo-Chem Corp., 8 Noeland Ave., Penndel, Pa. 





THERMOs| CHEM 
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more HAPPY pBiRTHDAYS 


for your products... 


when you build in 


RaM MOTOR PARTS! 


Your products may encounter damp or dusty atmos- 
pheres. They may be bumped or dropped. Their 
motors may be overloaded and abused, the switches 
flicked on and off a hundred times a day. Yet cus- 
tomers expect instant, ample power every time .. . 
for years and years! 

Robbins & Myers Series-Wound (Universal) and 
Induction Motor Parts can increase your products’ 
life expectancy, whether you make portable tools for 
farm, home or industry; household appliances; busi- 
ness machines; or other power-driven items. 

R&M engineers will select—or help you select— 
exactly the right size, shape and weight motor parts 


to fit your limitations. Parts are precision-built, using 
modern manufacturing techniques—an outstanding 
example is R&M’s machine-wound armatures (details 
at right). Quality materials assure dependable, long- 
life performance under severe operating conditions 
and high speeds. And, R&M’s high-volume produc- 
tion means low unit cost, to help keep the price of 
your products competitive. 

Standard R&M Motor Parts are available in a large 
variety of mechanical details and electrical charac- 
teristics. Should performance requirements be unique, 
R&M also offers custom-designed parts. Write today 
for Bulletin 445A-PRE. 


ROBBINS & MYERS, INC., Springtield, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellairg Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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FHP MOTOR PARTS 


ROBBINS & MYERS PRECISION 
MACHINE WOUND ARMATURES 


New R&M armature winding techniques provide longer, 
more dependable service. Coils are wound simulta- 
neously and are exactly identical, assuring identical elec- 
trical and physical characteristics. Coils are uniformly 
positioned and anchored securely. Interlocked winding 
pattern resists conductor and coil end movement .. . 
minimizes abrasion of wire insulation, a common cause 
of high speed armature failure. Maximum coil end ex- 
posure permits greater heat dissipation, prolonging arma- 
ture life. Uniform electrical characteristics reduce arcing 
at brushes, improving commutation and lengthening 
brush life. 
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wew grade 160 


ew ad grade 2450P 


wo grade 522 


three outstanding new laminates! 


High legibility letters, numbers or 
symbols can be stamped on this new 
warm punch, paper phenolic grade in 
the same die used for blanking and 
piercing! No separate operation is 
necessary . . . no registration prob- 
lems. Markings are permanent and in 
sharp contrast. Ideal for capacitor 
caps, terminal boards, panels, spacers, 
coil ends, socket bases. Meets NEMA 
X and XP requirements. 


Economical paper phenolic grade 
2450P can be punched warm and has 
improved mechanical strength and 
lower moisture absorption proper- 
ties. It is designed especially for 
mechanical and low voltage electrical 
insulation applications such as con- 
nector blocks, coil and bobbin ends, 
washers, plug and socket bases. Meets 
NEMA X and XP requirements. 


These are the newest materials of CDF research and 
engineering, developed to give you outstanding perform- 


ance at minimum cost. 


*Du Pont trademark 


Your inquiry is welcomed. 


® 


Excellent wet electrical and other 
improved properties make this new 
copper-clad glass fabric Teflon* 
laminate ideal for radar insulation, 
missile antennas, critical computer 
applications. Circuits based on this 
grade will show minimum drift under 
varying temperature and humidity. 
Also available without copper for 
such uses as high frequency insula- 
tion in wave guides. 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE © A SUBSIDIARY OF THE -Afmabf COMPANY 
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LINK-BELT SPHERICAL ROLLER BEARINGS: 


measure these design values 
in terms of your applications 


GREATER CAPACITY! 


The reason? More rollers, larger rollers! Bear- 
ing capacity depends primarily on effective 
roller Length, roller Diameter and Number of 
rollers (L x D x N). And Link-Belt offers the 
largest effective roller complement for all sizes 
of spherical roller bearings . . . rated according 
to accepted formulas of the Anti-Friction Bear- 
ing Manufacturers Association. This increase in 
LDN values provides extremely high capacity 

. and in users’ evaluation, it adds up to far 
longer bearing life. 


GREATER DURABILITY! 


With balanced proportion design, Link-Belt 
spherical roller bearings possess durability char- 
acteristics that exceed the bearing industry’s 
exacting requirements. Optimum balance of 
rollers, inner and outer rings must be obtained 
for increased bearing capacity . . . yet overall 
bearing dimensions must conform to an estab- 
lished international standard boundary plan. 

Wrap-around, completely contoured retainers 
also contribute to durability through positive 
roller guidance and spacing. Precision-machined 
of centrifugally cast bronze, these husky re- 
tainers are far stronger than stampings or sand 
castings. 


GREATER PRECISION! 


Link-Belt spherical roller bearings are made in 
the world’s most modern bearing plant . . . with 
the most-advanced tools and techniques known 
to industry. A rigid quality control program 
leaves nothing to chance. Each Link-Belt bear- 
ing is subjected to 758 actual inspections. Micro- 
smoothness and precision are continuously 
scrutinized by automatic machines. Result: these 
bearings have been specified by leading manu- 
facturers of cranes, shovels, graders, vibrating 
screens, and steel mill, paper mill and foundry 
equipment . . . and for high-precision applica- 
tions such as embossing rolls, printing presses 
and torque converters. 


SEE BOOK 2760 for further precision, durability 


LINK-BELT SPHERICAL ‘ and high-capacity features. Contact your nearest 
’ ‘ Link-Belt office. Look under BEARINGS in the 


ROLLER BEARING : 4 Yellow Pages of your phone book. 
PILLOW BLOCKS 


Made with sturdy gray iron 
or super-rugged cast-steel 
housings. Adapter mounting 


types fo shafts age): ‘ > ’ z ' 
haga Hey 9 esi . ig SELF-ALIGNING BALL AND ROLLER BEARINGS 


to! 10%” and direct-shaft 


ig types forsshafts from ; i _ LINK-BELT COMPANY: Executive Offices, Prudential Plaza, 


Chicago 1. To Serve Industry There Are Link-Belt Plants, 
rugged steel. multi-labyrint! : ‘ Warehouses, District Sales Offices and Stock Carrying 
PUREE Fh, Muni-laoyrinin ms Distributors in All Principal Cities. Export Office, New 
or Dacron-contact seals York 7; Australia, Marrickville (Sydney); Brazil, Sao 
Paulo; Canada, Scarboro (Toronto 13); South Africa, 
Springs; Switzerland, Geneva. Representatives Throughout 

the World. 15,682 


to 11.0236”. Choice of 
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STRENGTH + 
LIGHT WEIGHT 
That's the Beauty of 


manufactured by Harris Foundry 
& Machine Co., Cordele, Georgia 


Portable Scrap Compressor, 


steel are used in 
this Model PSC-37 


17,000 
pounds of 


20 





STRENGTH + LIGHT WEIGHT OF 


NAXTRA 


HIGH-STRENGTH STEEL SOLVES 
PORTABLE SCRAP COMPRESSOR PROBLEM 


This unique portable scrap compressor can squeeze an entire auto body into a 21” x 36” x 24” 

bale of 20% dense steel scrap, using a ram pressure of 375 tons. Designed to be hauled from 

job to job by a conventional truck-tractor, it goes to work in outlying wrecking yards, 
compressing bulky scrap into marketable bales that can be shipped economically. 


Because it must be moved over the highway and meet established load limits, a press- 

ing problem in designing the PSC-375 was weight. Mild carbon steel with the re- 

quired strength would weigh too much. N-A-XTRA high-strength steel solved the 

problem. It fully met all strength and fabrication requirements, yet kept total 
unit weight within acceptable limits for portability. 


Portability may not be the controlling factor in your product—but the same 
steel that solved this problem is the one to remember when only the strongest 
steel will do. Pound for pound, N-A-XTRA steels are nearly three times 
stronger than mild carbon steel. Rugged conditions, heavy loads and weight- 
saving construction—in such applications, for example, as heavy machinery 
and pressure vessels—are challenges that N-A-X TRA is designed to meet. 


With excellent weldability, formability, and toughness even at subnormal 
temperatures, N-A-XTRA low carbon, extra strength alloy steels give 
superior results with conventional fabricating methods, including cold 
forming, gas cutting, shearing and machining. N-A-X TRA high-strength 
steels are available in four levels of minimum yield strength, from 80,000 
to 110,000 psi, and in sizes ranging from 1%” to 1” thick, up to 72” wide 
and up to 35’ long. For further information, write Product Development; 
Dept. PE-12, Great Lakes Steel Corp., Detroit 29, Michigan. 


DESIGN NOTE: Model PSC-375, Portable Scrap Compressor, uses N-A-XTRA 100 
(minimum yield strength, 100,000 psi) in engine and tank mounts, bed and side ribbing, 
arm housings and end housing. Sizes—\", %", 4", %" and 1” thick. Fabrication followed 


standard gas cutting and welding procedures. 
Lt 
a product of 


GREAT LAKES STEEL 


Detroit 29, Michigan 
N-A-XTRA STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 


Benedict-Miller, Inc. Joseph Demsey Co. Ducommun Metals & Supply Co. 
Lyndhurst, New Jersey Cleveland, Ohio Los Angeles, California 


Interstate Steel Co. Lockhart Iron & Steel Co. Marsh Steel & Aluminum Co. 
Des Plaines, Illinois Pittsburgh, Pennsylvania Kansas City, Missouri 


O’Neal Steel, Inc. Salt Lake Hardware Co. A. C. Leslie & Company, Ltd. 
Birn.agham, Alabama _ Salt Lake City, Utah Montreal, Canada 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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BEARING 


One in a series of technical reports by Bower 


8) BRIEFINGS 


y 





BEARING GEOMETRY 
MAKES OR BREAKS BEARING PERFORMANCE 


To develop high capacity and optimum 
performance in a tapered roller bearing, 
it is essential that roller alignment be 
accurate. Correct roller alignment, in 
turn, depends on a critical geometric 
relationship between the cone back-face 
rib, and the cone raceway. 


Perfection in this geometric relationship 
compels the rollers to align themselves 
perfectly with respect to the bearing 
geometry, and each roller shares equally 
in the work that is imposed. Figure 1 
diagrams the important elements in- 
volved. 


When this rib-to-raceway relationship 
is incorrect (because of either faulty 
bearing design or manufacturing inac- 
curacies), rollers experience misalign- 
ment and begin to skid and skew under 





CONE 

















load. As engineers know, poor perform- 
ance and premature bearing failure are 
inevitable under these conditions. 


In the design and manufacture of Bower 
tapered roller bearings, Bower engineers 
take great care to generate and hold an 
exact face angle on the cone back-face 
rib. In practice, this means that Bower 
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bearings are designed for maximum life 
and optimum performance under any 
operating conditions. It means that 
Bower bearings retain accurate roller 
alignment under all speeds and loads up 
to the maximum for which the bearing 
is rated. 


It’s one thing to develop proper bearing 
design on paper, but quite another to 
carry it out consistently in manufacture. 
To this end, Bower engineers were instru- 
mental in the design and development 
of a unique centerless grinder on which 
Bower precision grinds each bearing’s 
cone raceway and rib-face simultan- 
eously. The results obtained from these 
machines invariably meet or surpass 


Bower's exacting requirements and as- 
sure perfect roller alignment. 


Figures 2 and 3 are front and top views 
which illustrate Bower’s technique of 
centerless grinding rib-faces and cone 
raceways together. As a result, every 
component in a Bower bearing is per- 
fectly concentric about its rolling axis. 
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When you require bearings, we suggest 
you consider the advantages of Bower 
bearings. Where product design calls for 
tapered or cylindrical roller bearings or 
journal roller assemblies, Bower can 
provide them ina full range of types and 
sizes. Bower engineers are always avail- 
able, should you desire assistance or 
advice on bearing applications. 





B OWE FY ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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COMPLETE PRODUCTION 


under ONE responsibility 


METALLIZED CERAMICS 


An integrated source, American 
Lava Corporation offers you 60 years of experience as custom 
producers of the widest range of technical ceramics from a single 
source, plus over 10 years of metallizing experience utilizing the 
several metallizing processes. 


Here you have maximum range of choice in ceramic body selection, 
in metallize method selection, in metal part composition and con- 
figuration, and in facilities for inspection and testing. Centralized 
responsibility saves time, permits better control of quality. 


Bulletin 612 is now available on request. 


Bulletin 612 has 16 pages of metal- Bulletin 613 excerpts 4 pages of stock 
lizing details to help you find just the items in low and high temperature 
right combination for your application. hermetic terminals. 


ALSIMAG 


From basic ceramics through various metallizing, 
plating, brazing and testing procedures in one 
plant under one responsibility at American Lava. 


A subsidiary of 
Minnesota Mining and 
Manufacturing Company 
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BEFORE: Unplated 
steel section shows sur- 
face variations averaging 
40 micro-inches 


AFTER: Same steel! section plated with 2 mils of leveling Nickel and 0.01 mils of chrome shows an 
average variation from level reading of no more than 5 to 6 micro-inches 


How leveling Nickel reduces costly finishing 
steps...saves production dollars 


This steel section was plated with a 
layer of fully bright leveling Nickel. 
Rough surfaces were evened out— the 
need for polishing and buffing, before 
and after plating, was virtually 
eliminated. 


Employed on a wide variety of basis 
metals—steel, zinc, brass, magnesium, 
copper — leveling Nickel coats and 
smoothes surface imperfections .. . re- 
duces, in many cases eliminates, expen- 
sive polishing and buffing steps. 


But economy isn’t all you get with 
leveling Nickel. These Nickel baths 
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... providing full brightness with level- 
ing qualities... produce a brilliant 
mirror-smooth surface for that final 
blue-white flash of chrome. They offer 
remarkable resistance to nicks and 
scratches... protect basis metals 
against corrosion. 


Other leveling Nickel baths, plated 
semi-bright rather than fully bright, are 
usually coated with bright Nickel 
before chrome plating. The resultant 
Double-Layer Nickel coating assures 


high brightness and lasting beauty... 
with increased corrosion protection. 


Consider the advantages of versa- 
tile leveling Nickel baths for your 
products. For more information on 
Nickel plating, send for The Contribu- 
tion of Nickel and Chromium to the 
Durability of Decorative Plating. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street New York 5, N. Y. 


Inco N ickel makes plating perform better longer 
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EVERYTHING'S SPECIAL 


about these Elastic Stop nuts... 
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...except their availability and ultimate cost to you. 


Elastic Stop nuts come in hundreds of shapes and sizes. We 
have illustrated just a few to show you it is possible to choose 
a nut shape that will make your assembly job easier and faster. 

How can you always be sure you have the real thing? 
Easy! The unique, instantly identifiable red nylon locking 
insert is your clue to an Elastic Stop nut’s special brand of 
shakeproof, shockproof locking performance. Once you see 
“the ring of reliability” you know that this locknut is going 
to stay put ... on any bolted connection .. . for as long as you 
want it to stay! It will not come off until it’s wrenched off, 
and then it can be reused fifty or more times. 

If your product’s performance depends on tight bolted con- 





nections or precise adjustments, Elastic Stop nuts are the best, 
lowest priced, reliability insurance you can buy. And in figur- 
ing “true costs” the final figure should never be based on initial 
price alone. Value analysis has repeatedly demonstrated that 
product breakdowns or serious field service problems attribut- 
able to fastener failure easily cost more than the modest price 
of an Elastic Stop nut. The ultimate cost of stop nut quality 
and performance can make them today’s “best buy.” 

ESNA’s 30-year background in design and production of 
self-locking nuts assures you the most complete line in the 
business. For complete flexibility to meet your size, shape or 
volume requirements call on ESNA. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey, Dept. S$64-1045 


for the ring oO of relrability 
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@ Clevite sealed sleeve cartridges using an oil seal of 
Hycar are manufactured by Cleveland Graphite 
Bronze division of Clevite Corporation, Cleveland, 
Ohio. B.F.Goodrich Chemical Company supplies the 


Hycar nitrile rubber for molding into seals. 


Inspection of the working parts of this 
sealed sleeve bearing cartridge is 
necessary just once every nine years, 
according to the manufacturer. Be- 
yond this, the only maintenance 
needed to assure against freight car 
“hot boxes”’ is an annual check of oil 


levels. Fitted against the journal inside the housing is 
a positive oil seal made of Hycar nitrile rubber which 


permanently retains the lubricant. 


The manufacturer says, ‘“‘Without question, there 
isn’t a seal that compares with this one.’’ He’s referring 
to the outstanding resistance to abrasion, to oils and 


B.EGoodrich Chemical Company 
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HYCAR 
PUTS 
A SEAL 
ON 
“HOT BOX” 
ELIMINATOR 


Hycoar Seal 


other hydrocarbons and to heat offered 
by Hycar. Years of service under 
these tough conditions won’t affect 
the resilience or effectiveness of these 
seals. The properties of Hycar solve 
a tough molding problem, too. 
Here’s another example of how 


Hycar improves present products, sometimes makes 
possible entirely new products for new markets. Can 


Hycar help solve your problem? Write for information— 


Department MJ-3, B.F.Goodrich Chemical Company, 
3135 Euclid Avenue, Cleveland 15, Ohio. In Canada: 
Kitchener, Ontario. 


Rep US Pet Of 


Hycar 


a division of The B.F.Goodrich Company Rubber 4 Lalt% 
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IF YOU 

DONT 
USEEM... 
DONT PAY 
FOR'EM! 


The only contacts you pay for in an AMPin-cert printed 
circuit edge connector are the ones you actually use for 
your specific circuitry, and here’s why: AMPin-cert contacts 
are not fully pre-loaded into the housing. The unique AMP 
design, crimping wire directly to the contact, permits you 
to attach conductors to contacts before you load them. 
When you don’t need two or three or six or seven of the 
available contact cavities, or a complete row of cavities in 
the case of one-sided boards, you don't load the contacts 
. . and you don't pay for them! 


So much for economics. What about contact versatility? 
The AMPin-cert line has five distinct types of contacts: 
Type |, AMP-leaf ste , a configuration which 
guarantees contact forces even on minimum-thickness 
boards. Type Il, AMP-blade ¢_;——~ Tse a molded 
male tab housing to insure‘ ‘ proper tab alignment, 
and a crimped type snap-in female receptacle offering 
three long, positive contact areas. Type Ill, DUO-Tyne 
S - , affords extremely high density, has four 
contact areas. Type IV, the right-angle AMP-flag DUO- 
Tyne "| allows conductors to come out of con- 
nector at right angles, for easy cabling. Type V, 
AMP-taper in GR >, ideal for quick jumpering, cir- 
cuit change-over applications, accepts AMP taper pins. 


Quality? AMPin-cert is quality, in the contacts and the 
housings: 
Contacts are phosphor bronze, gold over nickel plating 
Contacts accept single, multiple leads, and ‘‘snap-in"’ 
the housing without insertion tools 
Contacts are recessed in housing—no post insulation 
required 
AMPin-cert connectors will accept one-sided and two- 
sided boards 


Ask us for the full AMPin-cert printed circuit connector story. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « Mexico « West Germany 
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EXCLUSIVE! GOODYEAR 
| GREEN@SSEAL V-BELTS 


to give you sets that are precision-matched in 
length to outperform...and outlast...all others 


At no extra cost, GREEN SEAL V-Belts also give you: 

Dimensional stability throughout the life of the belts via highly 
shrink- and stretch-resistant 3-T Process Cord or airplane-type 
steel cable. 

Protection against dampness through special mildew-inhibited 
rubber compounds. 

The most complete line of V-Belts in the industry—easily and 
quickly available through our nationwide network of distributors. 
Still another “plus”: The G.T.M.—Goodyear Technical Man—is 
available to help you select the right belts for any drive. 


For your best buy in multiple drive belts—including new 
money- and space-saving HY-T Wedge V-Belts—look to Goodyear. 
Also, get the full story on P.D. (positive drive) Belts and Variable 
Speed Belts from your Goodyear Distributor. Or write Goodyear, 
Industrial Products Division, Akron 16, Ohio. 


Lots of good things come from 


GOODFYEAR 


m Soar tieanaercmpanaweoie” INDUSTRIAL PRODUCTS 
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Length-coding GREEN SEAL V-Belts to 1/32” — 
not just 1/10” like most belts— takes this ultra- 
precision machine. Only Goodyear has this type 
of equipment, which is set by means of fine- 
tolerance steel templates to insure accuracy. 
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Harnessing this big, 22-saw stonecutter for 3 full years 
required CoMPASS-V-Steel Belts by Goodyear. Over this period, 
the Goodyear belts helped carve up 20 tons of rock a day—over 
15,000 tons in all. Normal V-belt life in this type of rugged 
service is a scant 6 months. 
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DESIGN FOR SUPERIOR PERFORMANCE 
with Lord vibration /shock noise control 


TORSIONAL FLEXIBILITY : ’ 
“wind-up” to + 30 ANGULAR FLEXIBILITY : 
“cocking” to + 7° 


\ 


High-capacity Dynaflex Joints are 
RADIAL STIFFNESS: lubrication-free bearings or pivots. They are 
oad Capecees se custom designed to provide controlled flex- 

from 10 to 100,000 pounds 8 P 
ibility between connected parts. Specially 
compounded elastomers and Lord-bonded 
construction assure longer life than metal units. 


reduce installed cost, eliminate lube points 


with Lord Dynaflex:’ Joints 


Pivot points utilizing Dynaflex Joints offer real improve- 
ments in economy and performance. 

These elastomeric pivots simplify assembly. Pressed directly into 
the as-cast recess or rough-machined socket, they insure positive 
radial positioning of parts. Exacting tolerances are not required; 
costly machining is eliminated. Grease fittings and periodic lubrica- 
tion are outmoded; overall maintenance is greatly reduced. 

Dynaflex Joints—used in torque and radius rod ends, load 
equalizer beams, spring eyes, machinery linkages, boom pivots— FIELD ENGINEERING OFFICES 
cushion shock, attenuate noise, reduce dynamic loading stress, ATLANTA, GEORGIA - CEdar 7-9247 LOS ANGELES, CAL. - HOllywood 4-7593 
assure accurate alignment. CHICAGO. ILL. -Stichagen 2-6010 “iow York city “BRyent 9-8042 

Dynaflex Joints, with lower installed cost and longer service life ee ee) ae Pap leg ge coc 


than metal bushings, can be specially engineered for your applica- DETROIT, MICH. - Elgin 7-2150 SAN FRANCISCO, CAL. - EXbrook 7-6280 


. - ‘ KANSAS CITY, MO WEstport 1.0138 WINTER PARK, FLA Midway 7 5501 
tion. Contact your nearest Lord Field Engineering Office listed here Se Canede Wainy & Power Gnatneetng Corporation tinned” 


or the Home Office, Erie, Pa. LORD MANUFACTURING COMPANY - ERIE, PA. 
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the more durable, ductile, 
flexible phosphor bronze— 
at no extra cost 


Here is a versatile new type of phosphor bronze. The 
superfine-grain structure of Duraflex provides a con- 
siderable improvement in fatigue life over regular 
phosphor bronze. An independently supervised 
laboratory test recently proved this. Three springs of 
regular Phosphor Bronze, 5% (A) took a permanent 
set at about 200,000 deflections and fractured at an 
average of 453,374 deflections. Four springs of 
DURAFLEX Superfine-Grain Phosphor Bronze, 5% 
(A) showed no permanent set, no loss of load and 
no breakage at 4,000,000 deflections. 

This new, higher quality Anaconda phosphor bronze 
is now available in several standard phosphor bronze 
alloys—in strip metal up to 0.062” thick and up to 
14” wide in all standard tempers, and in wire up to 
3%,” diameter. Duraflex strip is also available in 
long rolls. 

Within the capabilities of size and alloy composition, 
Duraflex strip and wire can be applied to the in- 
numerable uses for which conventional phosphor 
bronzes are employed, and in most instances provide 
longer and more efficient service. Yet Duraflex sells 
for the same price as regular phosphor bronze in the 
same alloys and forms. 

Publication B-38 tells the story. Write for your 
copy—or for any assistance from our Metallurgical 
Dept. in selecting the proper alloys for your design 
problems. Address: Anaconda American Brass Com- 
pany, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ontario. 


DURAFLEX° 


A product of 


. 2 F - oat mt am: . 
: ZY f ¢§ F 4 i E § zs 

di * - = a8 

™~IFAL VIN LZ / 


AMERICAN BRASS COMPANY 
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1. Quickest acting, most responsive 
air clutch available! 


2. Finger tip control! 


3. Built-in quick release valves! 
(Optional) 


4. Requires minimum volume of air! 
S. No adjustment necessary! 


6G. Internally ventilated — cooler 
operation! 


7. Operates at air pressures 
up to 140 psi! 


8S. Most compact! 


8. |Interchanges with and can be used 
to replace Dodge or other 
mechanical clutches in existing 
installations. 


10. Available from stock in single and 
double plate types. Capacities from 
8.5 to 460 hp at 100 rpm at 80 psi. 


| AIR-GRIP 


NEWER! = ie ee a 


pD © G Kk This air clutch, engineered to modern needs, provides 


maximum torque capacity in minimum space. Its operation 
. requires less air, resulting in amazing sensitivity. It gives 
of Mishawaka, Ind. the operator split-second control—from “inching” to full 


engagement. Quick-release valves are built into the clutch 
itself, as optional equipment, for instant disengagement 
CALL THE TRANSMISSIONEER 


—your local Dodge Distrib- where such service is required. 
etce. Fostesy Waleed by The unique design of Air-Grip places the air seal disc at 


Dodge, he can give you ‘ 
valuable help on new, cost- the end farthest from the pressure plates, which generate the 


“Dodgy Vg ret hme heat inherent in clutch action. This combined with automatic 


= the mite pages of your internal ventilation, insures cooler operation and longer life 

telephone directory, or in the : a 

yellow saene endear “Gomer under severest service. Call your local Dodge Distributor, 
ransmission Machinery.” or write for Bulletin. 


DODGE MANUFACTURING CORPORATION 
1200 Union Street, Mishawaka, Indiana 
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Fuel 

regulator 
molded of 
ZYTEL’ NYLON 


RESINS 


Zytel 


engineering materia/s 


is lower in cost, lighter in weight, easier to install 


99 46 


You might well ask, “‘lower’’,“‘lighter’’ 
and “easier’’ than what? The answer: 
than automotive fuel-pressure regula- 
tors constructed of metal or glass and 
metal. This new fuel regulator, which 
controls the pressure of gasoline in- 
jected into the carburetor, has three 
major parts precision-molded of 
Du Pont ZYTEL nylon resin . . . elim- 
inating the expensive machining and 
finishing operations usually associated 
with metal regulators. Hence, cost is 
lower. Molded in ZYTEL, the regulator 
weighs only 2 oz., eliminating the need 
for metal clamps or other fittings. The 
new unit installs without adaptors to 
any gas line by inserting ends of the 


opened line into bushings pressed into 
the unit. 

Key to the selection of ZYTEL for 
this exacting application is the com- 
bination of properties offered by these 
resins: high mechanical strength and 
resistance to gasoline and petroleum 
products at high engine temperatures. 

The Miser-Mite fuel-pressure regu- 
latorismolded by Artag Plastics Corp., 
Chicago, Ill., for Milemaster, Inc., 
Exeland, Wisconsin. 

On the next page you will find more 
examples of how the properties of 
ZYTEL nylon resins are being used to 
improve the design and performance 
of products in a variety of fields. 





one of Du Pont's versatile 


Electric motor brush holder used in an im- 
proved electric impact wrench is a one-piece 
molded part of ZYTEL, providing excellent 
electrical insulation properties, wear resist- 
anceand highstrength. Cost, including parts 
and assembly time, is 65% less than the 
three-piece fabricated brush holder assem- 
bly previously used. Molded by Amos-Burke 
Plastics, Inc., Syracuse, N. Y., for Chicago 
Pneumatic Tool Company, Utica, N. Y. 


yAYAC:) i 
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Swivel chair hub liner molded of ZYTEL" 
eliminates necessity of lubricating center 
spindles, maintains a wobble-free, tight fit 
through long periods of use. ZYTEL nylon 
resin was selected for its low coefficient of 
friction, resistance to impact and abrasion, 
and close molding tolerances. Molded by 
Nylon Products Corp., affiliated with F. J. 
Kirk Molding Co., Clinton, Mass., for Col- 
lier-Keyworth Company, Gardner, Mass. 


one of Du Pont’s versatile 
engineering materials 


Removable cleanout plug allows cleaning 
of sewage drainpipes. Molded of ZYTEL, the 
plug can be removed easily time after time, 
does not stick— because ZYTEL nylon resin 
resists the accumulation of mineral deposits 
from water. Quick, accurate injection mold- 
ing eliminates need for sand casting and 
thread machining required by brass plugs. 
Coast Craft Industries, Glendale, California, 
for A.H.Voss Co., Los Angeles, California. 


Three useful properties of ZYTEL® NYLON: 


RESINS 


high insulation...low friction... zo0od moldability 


Depending on the particular application, different combinations of 


properties offered by ZYTEL nylon resins become crucial—as wit- 
ness the applications discussed on this page and the preceding page. 


To evaluate the design opportunities offered by ZYTEL for your ap- 
plication, consider the entire range of properties offered by ZYTEL 


nylon resins, and the many different formulations of ZYTEL avail- 
able. The coupon below will bring you pertinent further information. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 4 
Room 2507Z, Nemours Building, Wilmington 98, Delaware. 


Please send me: 


Designing with ZYTEL® 
I am interested in evaluating ZYTEL for 


How 50 Manufacturers Used ZyYTEL® Nylon 
Resins to Make Better Products 





Name 


Position 





Company 





Street Address 





City Zone 


State 





Type of Business 





in Canada: Du Pont of Canada Limited, P.0. Box 660, Montreal, Quebec 


Alathon’ - 


POLYCHEMICALS DEPARTMENT 


8t6.u.s par. ort 
S FOR BETTER LIVIN 
HEMISTRY 


, i ee nylon resins 


Delrin’ Lucite’ 





DEVELOPMENTS TO WATCH 


Power plants of all kinds—big, little, and bug-assisted are highlighting the news 
right now. 

Chemists and electrical engineers are already working on bacteria-assisted bat- 
teries (PE—Nov 14 ’60, p 8). Now metallurgists are taking a look at what the 
little bugs may do for them. 

Says J. A. Sutton of the Bureau of Mines Research Center at College Park, Md: 
The prospect of utilizing bacteria in mining and metallurgical processes introduces 
a new and challenging area of investigation. Bacteria may prove important in the 
selective separation of metals from ores and metallurgical solutions, the production 
of sulfur from gypsum or pyrites, and the production of sulfuric acid from ele- 
mental sulfur. 

It’s time, he says, for the metallurgist and mining engineer to meet the bacteria 
that may prove helpful to them; and most particularly the autotrophic bacteria. 
These obtain energy by oxidizing inorganic compounds (sulfur, iron, nitrogen) and 
obtain carbon for cell structure from carbon dioxide. Some are photosynthetic; 
others chemosynthetic. 

An information circular (8003), prepared by Sutton and biochemist J. D. Cor- 
rick, outlines the bacterial types that are potentially most useful, and a series of 
reports on experimental studies is to follow. 





Another natural source of power—ocean waves—will go to work on the Island of 
Mauritius if plans of Britain’s Hydraulics Research Station (Wallingford) work 
out. The idea, the New Scientist reports, is to impound the water and then use it 
to drive low-head turbines. Stored water would be fed by pumps between waves. 
Mauritius has a natural lagoon, almost closed by shallow reefs. This would be 
closed to form a reservoir and waves, breaking over the barrier, would be guided 
by a concrete ramp. Unusual feature of the system is that it is to be applied in an 
area where breakers and tides are relatively low—4 to 12 ft—as compared to the 
30-ft height in Brittany and other areas where application of wave power is being 
considered. First installation is to have a capacity of about 9 megawatts; but this 
may be raised considerably. 


The British have a new series of four-stroke engines, weighing as little as 14 Ib, 
and designed for rotary grass cutters and other agricultural and industrial equip- 
ment. They are being introduced by Villiers Engineering Ltd, Wolverhampton, 
England. 

First into production is a single-cylinder, blower-cooled, horizontal-shaft engine 
developing 0.92 bhp at 4000 rpm. Cylinder head, cylinder block, crankcase 
cover, fan and blower casing are light-alloy pressure die castings. Crankcase and 
cylinder block are cast as one unit and the cylinder head is detachable. The cylin- 
der has a cast-iron liner, nickel-alloy valve seat inserts and separate valve guides. 
This is the 14-Ib unit, and it’s splash-lubricated, has a high-voltage flywheel mag- 
neto ignition and a recoil starter. 

Coming up next are 75 cc and 150 cc units, the larger weighing only 26 Ib and 
developing 2 bhp at 220 rpm, 2.8 bhp at 3000 rpm and 3 bhp at 3500 rpm, 
Maximum torque is 5 lb/ft at 2500 rpm. 


Fuel cells are another power source that’s receiving plenty of attention. R. M. 
Lurie and Carl Berger of Ionics, Inc, say in a report prepared for this week’s 
Electrochemical Society Meeting that hydrogen-halogen regenerative, membrane- 
type fuel cells should have a service life of 1000 hr or more. They’re now testing 
a number of regeneration techniques—electrical charging, heat, radiation—and are 
also testing the effects of a number of variables (water content, capacity, thickness) 
on membrance performance. 

Other new developments in fuel cells, slated for discussion at the same meeting: 
isotope-assisted systems (using radio-isotope-activated electrodes to boost capacity); 
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high-temperature fuel cells of novel design which may operate on wide range of 
fuel gases, including carbon monoxide and petroleum hydrocarbons; and cells 
using soluble lithium hydride electrodes in a fused lithium chloride—potassium 
chloride electrolyte. 


On the materials front, there are new cushioning and filtration materials, and new 
developments in the high-temperature metals field. 

Better filters for removing even very small concentrations of impurities, may 
stem from research on a new group of fiber- and film-forming polymers at DuPont. 

Technically known as polymeric thiosemicarbazides, they are chelating agents 
which pick up objectionable metal ions selectively from solution. But, unlike most 
chelating agents, they are readily spun into fibers or cast into film so that fiber batt 
filters and other special filtration devices can be made. DuPont emphasizes that, 
as fibers, the new materials are no better than those made from other polymers. 
The advantage is that the new materials combine acceptable performance as fibers 
with outstanding performance as chelating agents. 


Rubbery materials suitable for impact cushions on auto dashboards and other 
vibration-damping applications, and showing promise too, for use as solid rocket 
fuels, can be produced by the same irradiation techniques already used to improve 
many types of plastics. In this case, the irradiation not only helps to cure the 
material; but also can serve to bond the rubber to adjacent metal—the rocket fuel 
to its casing, for instance. The resin used is a mixture of a diene polymer or a 
polymer, and an organic polyhydrosulfide. A “filler” in the form of an inorganic 
salt, either oxidizing or not-oxidizing, is also used. Esso Research has filed a 
patent application in Britain (860,316). 


Chromium alloys with “greater creep strength and oxidation resistance at tempera- 
tures over 2000 F than any at present known” may soon be available commercially. 

Continuing its program of research on chromium and its alloys (PE—Sep 8 ’58, 
p 8) Australia’s Defense Standards and Aeronautical Research Labs have found at 
least one alloy that will sustain a stress of 13,000 psi at 2000 F for periods of 
well over 100 hr, with a minimum creep rate of 0.2 x 10“ in./in./hr. Until now, 
the research has been largely academic. But, a just-concluded agreement with 
DuPont gives the US company full rights to “investigate the chromium alloying 
process and manufacture the metal if feasible.” 


Iridium, too, may be heading for new high-temperature structural applications. 
Admittedly, it’s expensive. But recent tests indicate it may have special advantages. 

At 1800 F, for instance, iridium’s tensile strength is very close to that of tungsten. 
Tests at Britain’s Cavendish Laboratory show iridium has a tensile strength at 
1800 F of about 45,000 psi. 

At 3600 F, iridium’s strength is only about 5500 psi. Tungsten is a good deal 
stronger—just under 10,000 psi. But, as C. A. Brookes and B. Harris of Cavendish 
pointed out to the Fourth Plansee Seminar, iridium is still a lot stronger than 
molybdenum or columbium at that temperature, and at least as good as tantalum. 
Furthermore, they say, iridium is superior to all the other refractory metals im 
resistance to contamination in atmospheres containing carbon and oxygen. 


Beryllium is also getting a lot of boosters. New companies are entering the field, 
and competition is bringing increased research and decreased prices. Both powder 
and rod have been cut 10 to 15% this year, and further reductions are likely. 
This doesn’t mean beryllium is a cheap metal. Vacuum-cast ingot is still about 
$70/lb; and fabricated parts range from $150 to $175/lb. But much is being 
done to reduce this figure. There is hope, now, for an improved casting process 
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that will produce sounder ingots as well as far better sheet material, and heat 
treatment studies are under way, to boost mechanical properties closer to the 
theoretical maximum in elongation as well as strength. 


Thin films of refractory and semi-refractory metals, deposited by sputtering on to 
fused quartz substrates, show promise for electrical applications—specifically, 
high-temperature resistors, R. B. Belser and D. W. Robertson of Georgia Institute 
of Technology report. But protection from oxidation is needed to reach the 1000 F 
goal in air. 

Titanium, zirconium, columbium and vanadium films all show negative tempera- 
ture coefficients of resistance, when they have been deposited at room temperature 
and the thinner the film, the more negative the TCR values. The negative TCR is 
ascribed to the presence of nitrides and oxides of the metals in the films. When 
deposited on hot substrates at 750 F, TCR values were more positive. 

Molybdenum, rhenium, and tungsten films, as deposited, showed relatively low 
TCR values, and the films had high stability. Annealing in vacuum to temperatures 
greater than 1100 F stabilized the films and shifted TCR values in a positive 
direction. 

The platinum metal films generally had TCR values %4 to %4 those of the bulk 
metal—too high to be of value as normal resistor units. But, Belser and Robertson 
say, they do show promise as resistor thermometers, and they are the only ones, 
with the exception of gold, which will stand temperatures as high as 700 F unpro- 
tected without serious damage. (Osmium had a lower TCR value, but showed signs 
of oxidation at temperatures as low as 400 F). Alloys of the platinum metals with 
refractory metals show promise. 

Biggest need now is for coatings to protect the films against oxidation and 
permit their use at temperatures above 700 F range. A report on the first part 
of the work, sponsored by the Air Force, has been submitted for publication and 
distribution by ASTIA. 


Of interest in the electrical field, too, are aluminum foil coils. S. A. Ahern of 
Mullard, Ltd says they make better magnets for laboratory use than the standard 
copper type. The reason: The packing factor is better, heat dissipation is easier, 
and winding is simplified. Copper foil might be better from the point of view of 
power losses, he admits. But it’s difficult to obtain satisfactory copper foil and 
even more difficult to wind and bond it. 

Ahern built the unit illustrated here, using coils wound by Venesta Foils, Ltd 
with 0.001-cm foil, coated with a 0.0003-cm layer of lacquer. Sketch at left shows 
an assembled coil. At right are the basic components. Ahern estimates that 
effective thermal conductivity is about 1/10 that of metallic aluminum. 
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continued, next page 
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DEVELOPMENTS TO WATCH continued 








You can build your own laboratory tach- 
ometer with light source, a phototransis- 
tor, and a perforated wheel. Naval Ord- 
nance Lab engineers tell how it’s done: 

The perforated wheel is attached to the 
rotating member. Then, as it rotates, 
light pulses passing through the holes hit 
the transistor and change its resistance, 
resulting in electrical impulses which can 
be counted to show rate of spin. 

NOL says the system is especially use- 
ful for low spin rates (below 5 rps), where 
electromagnetic units may be unreliable. 











Need information on powder metallurgy? Ceramic colors? Research facilities? 
What those installment plans really cost? How to buy a tape recorder? Here are a 
few of the things you can get—some free, some at relatively low cost: 

Powder metallurgy principles are reviewed, and their application to nuclear prob- 
lems outlined in considerable detail in the latest publication in the International 
Atomic Energy Agency’s Review Series. This one, by H. H. Hausner, is a 72-page 
booklet with a good deal of tabular material on uranium oxide, beryllium, boron 
compositions, and other cermets and fiber compacts important in nuclear reactor 
construction. Priced at $1, Powder Metallurgy in Nuclear Reactor Construction is 
available from International Publications, 801 Third Ave, New York 22. 


A ceramic glaze color chart, wall-size, that shows—with actual full-color squares— 
exactly what effect glaze composition has on the color that may be obtained has been 
prepared by Ferro Corp. The color produced by a given stain may vary con- 
siderably, depending on the chemical composition of the glaze itself. A chrome- 
aluminum-zinc “yellow,” for instance, may produce an orange in one glaze, a pink 
in another. The color squares in the chart show exactly what happens. Though 
the chart was designed specifically for the ceramic industry, Ferro’s Color Div has 
offered to make it available free of charge to PE readers on letterhead request. 
Requests should be addressed to James E. Simpson, Color Div, Ferro Corp, Cleve- 
land 5, Ohio. 


Advice on how to buy tape recorders is contained in a booklet just released by Na- 
tional Better Business Bureau. It tells what tape speed to use for various purposes, 
what types of microphones you may have, and even provides a simple glossary of 
tape recorder terms. Single copies are free from NBB, 230 Park Ave, New York 17. 


What does it really cost you to borrow money? How much do you save by paying 
off in 18 months instead of 30? To help the installment buyer find a quick and 
accurate answer, New York’s Savings Bank Association has developed a simple 
slide calculator. The top scale is “Cash you get when you borrow” or “Price of 
article less down payment.” The slide carries the monthly payment, and true interest 
rate is read through a window opening for 6, 9, 12, 18, 24, 30, or 36 months. 
New York’s mutual savings banks are making copies available to depositors. 


Research organizations in the nation’s capital—what they do; the facilities they 
have, and how many people they have to do it—are listed in a 72-page publication 
prepared by Metropolitan Washington Board of Trade’s new Science Bureau. The 
publication lists nearly 200 R&D firms, plus government and related agencies,’ 
gives personnel and facilities data. The price: $2. —ARG 
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14 simple rules for 
Cooling with blowers 


Pictures are better than words when you are 
choosing a blower configuration for a cooling 
system. Here are proven tips for best design. 


ADAM M WILCZENSKI, specialty blowers, Torrington Mfg Co. 


VERY POSSIBLE mistake in 


blower application has already 


been made—but you don’t have to 
repeat them. These sketches and com- 
ments are based on years of trial and 
error covering most cooling situations 
for electronic packages and other 
heat-producing equipment. 

Some are simple common sense— 
but the kind of sense often forgotten 
in the heat of design, or in the squeeze 
of limited space. Others are rules-of- 
thumb based on recognized theory but 
translated to practical simplicity. Here 
are the problems most commonly en- 
countered, with the right and wrong 
solution. 


DISCHARGE GRILLE 

Choose right size grille. A restricted 
discharge opening requires more air horse- 
power for a given volume of flow. Don't 
forget that effective area of a wire grille 
is the total area of the opening less the 
projected area of the wire. 


FLOW PATH 

Design for short, straight, smooth 
flow path from impeller to heat source if 
possible. The useful velocity energy of 
cooling air is reduced by turbulence in 
abrupt turns and by frictional losses along 
the walls of the duct. 


continued, next page 
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EDITOR’S NOTE: Details impor- 
tant to selection of a blower type 
were discussed in these previous 
PE articles: 

Equations Find The Right Im- 
peller, Jan 9 ’61, p 53—Special 
flow and pressure coefficients en- 
able you to determine approximate 
fan type and size in a step-by-step 
procedure if you know desired air 
flow, static pressure and rpm. Cov- 
ered are axial, mixed-flow and 
centrifugal fans. 

Mixed-flow Impellers Enter Air- 
moving Field, Jan 5 °59, p 56—Au- 
thor tells how these impellers, 
introduced for air conditioners, out- 


perform older types when pressures 
are too high for axial fans and too 
low for centrifugal blowers. 

Guide to Fan Selection, April 28 
"58 p 92—Discusses use of mult 
rating tables for selecting moto 
size, regulating volume of air, re- 
ducing fan noise, and reviews basic 
fan laws. 

How You Can Measure Airflow, 
June °57, p 145—Describes practi- 
cal test setups for determining rate 
and pressure. 

When Air Is The Coolant, Feb 
16 °59, p 54. A quick way to 
estimate whether the assembly will 
run too hot. —F D Yeaple 


Application Design 
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COOLING SURFACE 

Arrange blower and heat source 
for maximum area exposed to air flow. 
This will increase cooling efficiency and 
help avoid hot spots. See previous article 
“When Air Is The Coolant” (PE—Feb 16 
‘59, p 54) for methods of estimating cool- 
ing. 


BLOWER SIZE 

Choose right size blower. Under- 
size blowers have higher air velocities 
inside casing for the same available cool- 
ing flow; they are noisier; and they require 
higher-power motors. Oversize blowers 
waste air or velocities are too low. 


ORIFICE SHAPE 

Choose a bell-mouth orifice for 
axial-type cooling blowers. Flow will be 
smoother and electrical power require- 
ments less than for a straightedge orifice 
such as a hole cut in a cabinet wall. 
(Packaged units usually have bell-mouth 
orifices. ) 


6 IMPELLER POSITION 

Locate impeller slightly down- 
stream of plane of orifice (let A d='4d). 
Never locate impeller all the way in front 
or back of the bell-mouth orifice, because 
flow-smoothing effect will be lost, and 
performance will suffer. 


7 BLADE-TIP CLEARANCE 

Nearly zero clearance is best, but 
if A Dis 1.5 to 2% of D, performance 
is about as good (and costs are less). 
Larger tip clearances increase leakage 
losses and flow will be less (based on a 
given static-pressure head). 


MOTOR LOCATION 

Locate motor so that coolest air 
passes over it; motor will last longer and 
can be smaller. Also, less power is re- 
quired by a fan if it is located in the cool- 
est portion of the air circuit, and its di- 
ameter can be less. 





HOUSING SHAPE 

The housing should match the im 
peller. Either buy a packaged unit or have 
it custom-designed by specialists. Under- 
sized housings choke flow; oversized 
housings waste space and fail to fully 
convert air velocity to useful pressure. 


1 FILTER LOCATION 

Locate filter at the blower out- 
let (not too close) and provide an expan- 
sion section or plenum to reduce air veloc- 
ity. Excessive noise may be developed by 
high-velocity air in a filter mounted too 
close to the blower outlet. 


11 BLOWER INLET 

Inlets much smaller than im- 
peller diameter cause turbulence and low- 
er the efficiency. A good diffuser at the 
inlet of a radial blower will expand air- 
flow area to nearly the ID of the blade 
ring (80 to 85% of OD for a blower with 
forward-curved wheel). 


1 OUTLET DIFFUSER 

Where blower air velocity is 
higher than needed, a diffuser at the out- 
let will gradually and efficiently expand 
the air and regain kinetic energy that 
would otherwise be wasted in turbulence. 
Don’t exceed 14° included angle. 


1 FLOW NEAR BARRIER 

When moving air through ducts, 
shock losses will be high if air is blown 
against a nearby duct wall. There will be 
a gain in efficiency if it is possible to draw 
the air through and out of the duct in a 
smooth flow path. 


14 IMPELLER TYPE 

Direction of air flow might be 
better controlled if a different blower is 
selected. For example, if flow into a bar- 
rier cannot be reversed, a mixed-flow unit 
might work. Air discharge will then be 
more nearly along the duct axis. 



























































Design it with diamonds 


Don’t underrate diamond as an engineering 
material. It offers many properties 
not available in metals or ceramics. 


A G ASAFF, president, Diamond Tool Engineering Co, Boston 


ESIDES BEING the hardest of all 
materials diamonds have other 

unique properties that make them ideal 
for applications needing: 

@ extreme dimensional accuracy 

e@ dimensional stability 

e high compressive strength 

@ resistance to mechanical shock 

© low coefficient of friction 


® corrosion resistance 

® resistance to thermal shock 

Although expensive and difficult to 
shape, diamonds are now a practical 
engineering material for miniature 
parts. Here, cost of material is small 
in comparison to cost of forming the 
part. And the ultraprecise dimen- 
sions that can be produced in dia- 


monds alone may be vital for reliable 
operation of the assembly. 

A diamond is a crystal of carbon 
with molecules packed closer together 
than those in any other material. This 
accounts for its rigidity, strength in 
compression and ability to take a fine 
surface finish. 

Mechanical properties vary some- 


Properties of diamonds 





Modulus of 
elasticity, 
psi x 10¢ 


diamond 105 to 150 


tungsten 
carbide 


Breaking strength 
in compression, 
psi x 10¢ 


Relative wear 
resistance 


pa ee 


1000 


Knoop indentation 
hardness, kg/sq mm 


diamond about 6000 


2230 


Melting point, F 


diamond 6990 


5780 





diamond 


* sapphire boron carbide corundum 


(synthetic) 


tungsten 
1.8 100 
sintered 


carbide 


silicon 
carbide 


tungsten 
carbide 2050 


to 2150 


5030 0.5 


to 0.8 


tungsten iridium 76 
carbide 
tungsten 50 high speed 


steel 


zirconia 


(stabilized) 4710 1600 


to 2000 


sintered AloO3 0.4 corundum 


sintered 


alumina 3700 
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what in different directions because 
diamonds are single crystals. (This 
contrasts with metals and other multi- 
crystal materials where properties are 
averaged in all directions.) Even then, 
properties of diamonds are impressive: 

© Modulus of elasticity is over 100 
million psi. In one crystal direction 
it is as high as 150 million psi. 


; ~ Preload 
0.10 in. dia. 


Diamond "V" jewel 


Spherical head 
diamond pivot 


e Breaking strength in compression 
is approximately 11 million psi. 

eToughness provides resistance to 
mechanical or inertial shock. 

e Abrasion resistance is better than 
any other material. 

© Wear resistance is more than 200 
times that of the best grade of high- 
speed steel at optimum hardness. 


and competing materials 


Miniature jewel bearings 


High-speed bearing of diamond operates 
to 90,000 rpm without lubrication. Pre- 
loaded thrust causes spherical head to 
wear its own mating surface. Line con- 
tact between spherical pivot and cone 
provides low starting torque. Because of 
relatively simple shapes, cost about $10 
to $15 in quantity, is competitive with 
miniature ball bearings. Using a sapphire 
V jewel reduces cost but increases wear 
rate. Slight bearing wear during run-in 
does not change alignment of the shaft. 


Diamonds take a fine surface finish 
and can be ground to ultraprecise tol- 
erances. A diamond metal-cutting 
blade made by DuPont is ground 
precisely to a thickness of 12 carbon 
atoms (about 0.1 microin.) Moreover, 
because diamond is stable this dimen- 
sion stays put with no measurable 
change barring abrasive wear. And, 





Thermal conductivity, 
btu/s 
ft/hr/F/in. 


Coefficient of thermal 
expansion, 
microin./in./F 


(ohm-cm) 


Electrical resistivity, 


Dielectric constant 
(air=1) 





silver 2900 


copper 2730 


aluminum 1540 


sintered beryllia 1530 


tungsten 1160 


diamond 1020 


molybdenum 990 


nickel 640 
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quartz 


Invar 


tungsten 


corundum 


sintered alumina 


sintered alumina 


sintered beryllia 


phenolic 





electrical porcelain 


corundum 
sintered alumina 
sintered beryllia 
1012 


hard glass 


10" to 10!! diamond 





5.7 


electrical porcelain 5 to 6 








A revised scale 
for hardness 


ORIGINAL NEW 
MOH SCALE MOH SCALE 


talc talc 
gypsum gypsum 
calcite calcite 
fluorite fluorite 
apatite apatite 
orthoclase orthoclase 
quartz vitrious silica 
topaz quartz 
corundum 

di id: 


SCOONOUAWNE 
SOnQuawnre 


~ 





diamond 





Diamond has been promoted to 15 in the revised Moh scale. 
Because too many materials, such as the sintered carbides, rank 
between corundum (9) and diamond (10) the scale was revised 
to widen the spread and make the scale more linear in respect 
to absolute hardness. Both scales are given above. 


In either system, materials are rated by scratching them against 
standards. For example, if the substance can scratch tantalum 
carbide but not tungsten carbide, its hardness is between 11 and 
12. If it can scratch and be scratched by silicon carbide it is 
equal in hardness and is rated 13. 





RAZOR BLADE EDGE 


}-— .001” ——ef 


DIAMOND KNIFE 


Thin edge is exactiy 12 carbon atoms. Its dimension is 0.1 
microin.—impossible in metal. Surface finish is less than 10 A 
or 0.04 microin. It is too fine to measure by multiple-beam inter- 
ferometer. Diamond edge, bottom, is compared with honed 
razor blade, top, at 2000X. 


of course, the hardness helps resist 
wear or scratching from other ma- 
terials. 

Coefficient of friction on a diamond- 
to-diamond surface is about 0.05— 
lower than any unlubricated bearing 
combination with the possible excep- 
tion of Teflon-to-Teflon. The low 
friction characteristics allow diamond 
bearings to run at high speeds without 
lubrication or overheating. In one 
design, shafts speeds up to 90,000 rpm 
were possible. And because its car- 
bon surface is polar, it attracts hydro- 
carbons, giving it excellent lubricant- 
retaining properties. 

Diamonds are electrical insulators 
but their thermal conductivity is equal 
to that of many metals. 

Chemical resistance is high because 
carbon is relatively inert. It is unaf- 
fected by strong alkalis and acids, in- 
cluding nitric and sulfuric acids. 
Heated oxidizing solutions affect it 
only slowly. For example, fused KNO, 
at 930 F etches diamond and shows 
its crystal pattern after an hour. 

Diamond burns in oxygen but only 
when heated above 1500 F. In air 
it oxidizes slowly at 2800 F. It will 
retain most of its structural properties 
to beyond 2000 F if protected by in- 
ert atmospheres such as nitrogen or 
argon or a reducing atmosphere such 
as hydrogen. When heated to 3000 F, 
however, diamond begins to decom- 
pose into graphite. 

At cryogenic temperature diamond 
is inert to such materials as liquid 
gases. Further, its low expansion co- 
efficient is an advantage because it 
requires small allowances for expan- 
sion and contraction. 


Diamond parts 


Optimum size is usually limited to 
under 1 carat (about 0.003 cu in.) 
because larger diamonds are less com- 
mon and price goes up rapidly. This 
restricts most applications to the min- 
iature field. The techniques developed 
for working with tiny jewels are help- 
ful here—diamonds as small as 0.0001 
gm can be handled. For example a 
50° cone with a diameter of 0.007 in. 
at the base and a tip radius of 0.0005 
in. is quite common. 

Externally ground shapes such as 
cones, cylinders and flats are the 
easiest to make. Internal surfaces and 
concave shapes are more difficult, and 
drilled holes are most difficult to make. 

Diamonds are cheaper than you 
think if you must have reliable parts 
with long life. Because diamonds take 
high unit stresses, parts generally can 
be smaller. Costs can be lowered fur- 
ther by specifying diamonds only for 
critical points where wear or bearing 





stress is too high for more common 
materials. Price of many diamond 
parts ranges from $3 to $15. 

In practice, almost all of the dia- 
mond material is used because the 
raw stone selected is only slightly 
larger than the finished shape. If a 
curved surface is required, a round 
diamond would be used, if a polished 
disk is to be made, the part starts as 
a flat diamond. 

Setting the diamond, or attaching 
it to a larger part is done in three 
ways: 1—Mechanical attachment by 
swaging or forming the metal around 
the diamond. 2—Brazing in vacuum 
or inert atmosphere or soldering with 
a hard solder. 3—Adhesive bonding 
with a thermosetting resin. (Here 
service temperature is severely limited 
because adhesives seldom retain use- 
ful strength above 300 F and are 
brittle below — 50 F.) 

Brazing is preferred to mechanical 
fastening because its high strength al- 
lows parts to be made with smaller 
diamonds. In addition, joints with 
brazed diamonds are less likely to be- 
come loosened by fluctuations in tem- 
perature. Adhesive bonding is usually 
limited to parts which cannot with- 
stand brazing heat. 

Contact area between the mating 


diamond parts must be several magni- 
tudes smaller than the fastening area 
between diamond and metal so that the 
high loads will not indent the dia- 


mond into the metal. One method is 
to design the diamond with a spherical 
surface and allow it to wear its own 
perfectly matching bearing area on the 
mating part. 


Editor’s note: For more information 
on other aspects of meeting dimen- 
sional tolerances and combating wear 
in precision assemblies see these arti- 
cles: 

Need Precision? Don’t Overlook 
Electroforming, Jun 5 °61, p 44—An 
up-to-date review of making parts by 
electroplating over a removable man- 
drel. Article gives the latest tricks on 
mandrel systems, plating alloys and 
design methods. 

Practical Approach to Friction Co- 
efficients, Sep 16 '60, p 5I—A general 
table of friction coefficients and how 
to modify them to get the values you 
need. 

Dimensional Stability in Precise 
Parts, Sep 12, 60, p 67—For mechani- 
cal parts that must meet dimensional 
tolerances within 1 to 5 microin. You 
must counteract the changes caused by 
service stress and temperature. 
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Diamond tip on screw maintains accurate 
adjustment for microswitch. Round dia- 
mond is brazed into metal and ground 


How to Avoid Abrasive Contamina- 
tion of Precision Mechanical Devices, 
Aug 15 °60, p 51—Minute particles 
1 to 5 microns dia start failures in 
precision mechanisms. These particles, 
not even visible at magnifications of 
200X, require special cleaning tech- 
niques. 

How to Predict Wear Life of Roll- 
ing Surfaces, May 9 60, p 44—Load- 
stress K factors for various material 
and hardness combinations simplify 
life-expectancy calculations for gears, 
cams, bearings, clutches, and Jinks. 

Press-fit Test Picks Solid Lubricants 
for Extreme Pressures, Jun 22, 59, p 
64—A simple way to find coefficient 
of friction when surfaces slide at high 
loads and low velocities. Charts list 
values for over 50 candidates. 

Wear of Lubricated Surfaces, Apr 
13 °59, p 74—Report of ASME sym- 
posium covers recently developed tech- 


Contact surface at top of dia- 
Diameter 


to shape. 
mond has radius of 0.031 in. 
of metal screw is 0.092 in. 


niques on isotope tracers, wear coef- 
ficients, gear-tooth profiles and engine 
additives. 

ASLE Gear Symposium, Feb 16 ’59, 
p 64—Staff report reveals some un- 
usual thinking on wear of oscillating 
parts, leading to a generalized wear 
equation for type motion. 

More Surface Polishing—Less Gall- 
ing, Nov 24 °58, p 63—Shows why 
parts should be “worn in” before they 
take loads and why cast irons are less 
likely to gall than steels or brasses. 

Considerations for Friction Materi- 
als, Mid-Sep °58, p C1l6—Discusses 
nature of friction materials, their char- 
acteristics and how to choose them. 

Predict Wear of Metal Parts, June 
23 °58, p 71—Presents new design 
coefficients to account for galling; dis- 
cusses conditions of lubrication, sur- 
face cleanliness and surface cracks. 

Herbert Kee 
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A single print element bearing 88 
characters replaces conventional 
type bars. The type head, a truncated 
sphere, is attached to a head and 
rocker assembly and mounted on a 
sliding carrier. The carrier and type 
head move from left to right down 
the length of the stationary platen. 

When the operator touches a key 
a system of linkages and steel tapes 
tilt and rotate the type head to move 
the selected character into print posi- 
tion. The character is printed by rock- 
ing the type head against the ribbon 
and paper. 

The type head contains 4 bands with 
22 characters per band. It is positioned 
around two axes, one through the poles 
(rotation) and another through the 
equator (tilt). These motions occur 
simultaneously when a letter key is 
depressed. 

Total weight of the carrier is about 
one pound compared to the 8 or 9 Ib 
for a conventional carriage. The low 
weight of the moving elements permits 
the typewriter to print up to 186 words 
per minute. 

The type head snaps on and off 
easily allowing any of the six type 
faces available to be changed by the 
operator. Model 721 will accept paper 
up to 11 in. wide and has a 8% in. 
writing line. Model 725 accepts paper 
up to 15% in. wide and has a 13 in. 
writing line. The Selectric is produced 
by IBM Electric Typewriter Division, 
Lexington, Ky. 

Beginning in 1956, industrial de- 
signer Eliot Noyes, ASID, worked 
with the IBM design staff on the Selec- 
tric. His comments: “Where con- 
ventional typewriters need large holes 
in the sides for the carriage to move 
back and forth, the new machine per- 
mitted the form to be a single com- 
plete shape. In design therefore, we 
tried to emphasize singleness and 
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Steel tapes locate 


Differential linkages convert key 


selection into type head positions. 


simplicity by making the shape some- 
thing like that of a stone so that you 
are aware of the continuity on sides, 
bottom and top. This also dramatizes 
the fact that there is no carriage. 
Scoops are taken out for keyboard and 
platen, and some areas are slightly 


eroded on the sides to locate the 
platen knobs, but they only embellish 
the form and do not in any way 
destroy its simplicity. New keys were 
designed and other details added to 
improve the usefulness of the machine 
to the typist.” 
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88-character type head 





Upper ball socket 


Tilt ring 
Spacer 


—<—Shim 





Pivot pin 


‘Tilt sector gears 


Ti/t sector tube 


All positioning motions occur while the 
type head is moving toward the platen 
to print. Tilt motions are produced by 
pivoting the tilt ring which supports the 
upper ball socket and type head. The 
tilt ring is driven by a pulley sector 
through beveled sector gears and a tube 
Tne tilt tape is wrapped around and 
connected to the pulley. When the tape 
is pulled it rotates the sector and tilt 
tube counterclockwise and tilts the type 
head. When the pull on the type is re- 
laxed the sector and type head are re- 
turned by spring to rest position. 

From the sector, tape extends to the 
left around a horizontal idler pulley, back 
to the right around a second idler and 
is then attached to the carrier. When 
a tilt operation is required, the distance 
between the two idler pulleys is increased 
by moving one of the pulleys. This pro- 
duces the necessary pull on the tilt tape. 


PRODUCT ENGINEERING + OCTOBER 2, 1961 


Tilt tape 


é Ji/t bellcrank 


Tilt-7 latch 


Tilt-2 latch 


Tift ring 


Tilt lube 


Ti/t pulley sector 





Rotate link 





Rotate tape 


Rotate. pulley 


Rotate spring 
CAs fi 








To rotate the sector and tube which acti- 
vates the tilt ring. Thus the carrier may 
be at any location along the platen with- 
out affecting type head position. The 
right-hand idler pulley is fixed; the left- 
hand idler is mounted on a pivoting arm. 
Movement of the arm to the left exerts 
a pull on the tilt tape, rotating the tilt 
tube and tilting the head. 

Rotate system also uses a tape to con- 
trol the position of a shaft which passes 
through the tilt tube. The upper end 
of the shaft is connected to the upper 


ball socket by a dog-bone ball joint. 
This permits the ball socket on which 
the type head is mounted to tilt and rotate 
at the same time. In the rotate system 
the idler pulleys turn in a vertical plane 
and both support arms can pivot. The 
rotate arm, at left, can be pivoted left 
or right to produce type head rotation 
to locate five characters on either side of 
the rest position. The shift arm, at right, 
spins the type head 180° from the se- 
lected letter for capital letters and 
symbols. (continued, next page) 
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Differential linkages which control the 
tilt and rotate tapes are actuated by a 
series of latches. Two latches control tilt 
while four rotate the type head. The 
latches hook under the bail plate and 
are held in place by springs. They are 
actuated when the latch bail is depressed 
by rotation of the positive cam. 

Each latch is connected to the char- 
acter selection elements in the keyboard 
by its latch rod. When the latch rod is 
pulled it disconnects the latch from the 
bail plate. By a process of selective elimi- 
nation of latches any combination of 
tilt and rotate can be achieved. 

The tilt latches are connected through 
levers, links and a bellcrank to the tilt 
arm on which the tape pulley is mounted. 
When the tilt—2 latch rod is actuated its 
latch is pulled clear of the bail plate. 
When the cam rotates the tilt—1 latch is 
pulled down while the tilt—2 latch rests 
against its stop lug. The vertical link is 
attached to the lever one third of distance 
between latch pivot. Thus the vertical link 
moves down one third of the distance 
the bail moves. The movement is trans- 
mitted through tilt bellcrank and arm to 
the pulley, producing a one-band tilt. 

When the tilt—2 latch is operated (the 
tilt—1 latch withdrawn) the vertical link 
moves two-thirds as much as the bail, 
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\ 
Rotate tape 





Stop lug 


Rotote 








Tape pulley 


Tilt arm 


Latch bai/ 
plate 


Balance /ever 
Rotate bellcrank 








producing a two-band tilt. If neither latch 
is withdrawn both latches are pulled 
down. The vertical link moves the same 
distance as the bail, producing a three 
band tilt. 

The rotate linkage has four latches. 
The +1, +2 and +2A latches are used 
singly or in combination to produce posi- 


tive rotation of up to 5 characters. Nega- 
tive positioning is accomplished by a 
separate bail operating a —5 link. The 
—5 link produces clockwise movement of 
the bellcrank resulting in a 5 character 
negative rotation of the type head. This 
is used with the positive latches to pro- 
duce negative positions of less than 5. 
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Deflections and stresses of 


Complex flat springs 


Hquations for twelve basic types—plus 


a simplified method applicable to wider variety of shapes. 


ALEXANDER BLAKE, technical specialist, Aetojet-General Corp, Sacramento, Calif 


HE COMPLEX analysis usually 

called for in predicting deflections 
of complex-shape springs under given 
loads is frequently avoided by having 
a sample spring built in the shop and 
then subjecting it to tests. Aside from 
the obvious time and cost considera- 
tions (the first or second design sei- 
dom serve), this approach has the dis- 
advantages of: (1) not predicting the 
maximum stress—a requirement if a 
safety factor is to be known or where 
fatigue is involved; (2) the sample 
springs subtly differ from those made 
later by mass production techniques 


—frequently leading to failures or un- 
desirable performance. 

To simplify the analytical approach, 
design equations for finding the deflec- 
tions and maximum stresses of twelve 
basic types of complex springs are 
given here. These springs consist of 
circular elements, straight elements 
connected by small radii and springs 
with both circular and curved por- 
tions. 

In addition, key steps in deriving 
these equations are included to guide 
the designer in the development of 
equations for shapes not analyzed in 


this article. Three sample problems 
illustrate how to apply the equations 
to springs with contours that differ 
somewhat from those of the basic 
types. 

It is assumed that the springs are 
sufficiently stable laterally so that only 
bending in the plane of curvature re- 
quires attention, and that the theory 
of pure flexure and Hooke’s law apply. 


CIRCULAR BENDS 
1. Three-quarter circular spring 


The bending moment at any point 
on the circular spring in Fig 1, in 


Typical complex spring forms—here produced in heat-treated beryllium copper by Instrument Specialties Co Inc. 
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1s Three-quarter circular spring 


terms of @ measured from line AC, is 
M = Prsin 6 (1) 

Note from this equation that there 
is zero bending moment and zero 
bending stress at points A and C where 
sin @ is zero. Also the two regions of 
maximum bending moment are at B 
and D where sin @ = 1. Therefore, the 
maximum bending stress can be ob- 
tained directly from the relation S = 


SYMBOLS 


= straight lengths of spring including corner radii, in. 
= width of cross-section of flat strip, in. 
distance from neutral axis to extreme fiber, in. 


modulus of elasticity, psi 


= deflection factor depending on K and 8 (equal to the factors 
inside the bracket of Eq 30) 








z= Three-quarter circular spring, constrained motion 


M/Z, where Z denotes elastic section 
modulus. For a rectangular section: 


I bh h bh? 
ada: Sos: */ a 


Thus 
S = 6Pr/bh? (2) 


Shear stresses are present at the 
points of zero bending moment—how- 
ever, their contribution to the stresses 





= thickness of strip cross-section, in. 
moment of inertia of strip cross-section, in.‘ 


deflection ratio 
length ratios, L/r 


length of straight portion of complex-shaped spring, in. 


bending moment, I|b-in. 
fixing couple, lb-in. 


concentrated external load, lb. 
mean radius of curvature, in. 


bending stress, psi 


= distances along straight portions, in. 


deflection, in. 


section modulus of strip cross-section, in.* 


angle in radians 


angle subtended by curved portion of spring, rad 
angle at which bending moment is considered, rad 


and strains in this particular case is 
negligible because the structure is suf- 
ficiently slender. 

Derivation of the equation for the 
deflection under load, P, can be ac- 
complished by using Castigliano’s the- 
orem which, incidentally, is much 
more frequently employed in Europe 
than here in America. The theorem 
states that the displacement of a struc- 
tural member measured in the direc- 
tion of the applied load, P, is equal 
to the partial derivative of the total 
elastic strain energy of this member 
with respect to the load, P. Because 
we are dealing here with so called 
slender members it is only necessary 
to take into account the elastic strain 
energy caused by bending. The state- 
ment of Castigliano’s principle in polar 
coordinates applicable to this case is: 


a fi oM ; 
Y = af rd@ (8) 


Hence, differentiating Eq (1) and 
utilizing Eq (3), gives the vertical 
deflection, Y, under load, P. 

30rPr 


fone () 


2. Three-quarter spring—constrained 


In some applications, the free end 
of the three-quarter circular spring 
is constrained by guides, Fig 2, to 
move in a line coincident with line 
AC only. The previous analysis is 
modified by introducing a constraining 
couple, M,, as a redundant quantity. 
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3 Snap-ring spring 


Hence, the modified bending moment 
is 


M = Prsin @ — M, (5) 


Because of the constraint, the angle 
of rotation of the loaded end is zero. 
By the Castigliano’s principle we have 


oM 
' -d0=0 
/ hi 


Therefore, employing Eq (5) to- 
gether with Eq (3) and (6), the de- 
flection of the guided end becomes 


y - Pr (92-8 
~ ET \ 12 


Comparing Eq (7) with Eq (4) 
indicates that the effect of the guide- 
constraint in this particular case is 
small. However this effect changes 
with the angle of spring-arc, and if 
desired, may be investigated with the 
aid of the above equations. 


3. Snap-ring spring 
Because of symmetry in the snap- 
ring type leaf spring, Fig 3, it is suffi- 
cient to analyze one half of the spring, 
such as from A to C. The bending 
moment equation with reference to 
point B is 
M = Pr (cos a — cos @) (8) 
For a given value of a, the expres- 
sion for the maximum bending stress 
becomes 


6Prai + Cos a) 


aie ©) 
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a Three-quarter circular-wave spring 


The total amount of deflection 
(change in distance AD) caused by 
the loads acting at the free ends equals 
twice the deflection of one half of the 
spring. Introducing the expression for 
bending moment, Eq (8), and its par- 
tial derivative with respect to P into 
the Castigliano equation, Eq (3), and 
extending the integration between the 
limits of a and z, results in the fol- 
lowing deflection equation: 

Pr 


os 


+ 2 sin 20 | 


Here, Y denotes the total change 
in distance AD resulting from forces 
P. This equation is also applicable 
when the direction of end loading is 
reversed. 


| « — a)(1 + 2 cos’ a) 


(10) 


4. Three-quarter circular-wave spring 


When the shape complexity of the 
leaf spring is progressively increased 
similar analyses to those of the two 
previous cases can be made without 
difficulty. Consider a leaf-type spring 
formed in a_ three-quarter circular 
wave, fixed at one end and subjected 
to a concentrated vertical load P at 
the other, Fig 4. Portions AC and CF 
are analyzed separately. Correspond- 
ing moments are: 


Part AC M = Prsin é 
Part CF M = Pr(2 — cos 6) 
The maximum bending stress oc- 


(11) 
(12) 


curs at fixed end F and is equal to 


y 1I8Pr sad 

S = bh? (13) 

Total resilience of the spring is the 
algebraic sum of the two component 
values of resilience corresponding to 
the portions AC and CF. Therefore 
employing Eq (3), (11) and (12) 


gives 


: Pr 7 2 
) wr sin? 6d@ 
rf, 
3 n 
bi f (2 — cos 6)? d9 
2 


Integrating this equation gives the 
design formula for the deflection un- 
der load, P: 


( Id 


5. Circular-wave spring with extension 


Adding a straight portion of length, 
L, to the three-quarter circular-wave 
spring, Fig 5, does not influence the 
formula for the maximum bending 
stress, Eq (13). The reason for this 
is that the extension FG acts as a 
cantilever ‘beam, built-in at G, and 
loaded by a couple (3PR) at F. Also, 
the effect of direct stress caused by 
load P can be safely ignored because 
bending stresses in a slender structure 
predominate. 

The deflection formula for the 
modified spring, however, should be 
corrected by considering additional re- 
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> Circular-wave spring with extension 


silience of cantilever FG subjected to 
end couple. When this is done the 
deflection formula becomes 


- Pr L 19x 
ms 4 (15 
} El E : j | (15) 


COMPLEX CANTILEVERS 


Flat springs of a cantilever type, 
consisting of precurved and straight 
portions, are often employed as retain- 
ing brackets, holding clamps, load- 
ing members and other similar com- 
ponents. The curved portions in 
production are usually approximated 
by circular arcs; therefore, design for- 
mulas developed on the assumption of 
circular curvature become sufficiently 
accurate for most practical purposes. 

In calculating the deflections of 
complex-shape springs, the concept of 
a developed length is often introduced, 
thereby neglecting the true effect of 
the curvature. It will be shown here 
by analysis that this concept can lead 
to serious errors for certain portions 
of the springs. 

The stress and deflection study of 
complex-shape springs should first in- 
clude a sketch of the bending mo- 
ments. The investigation of the bend- 
ing moment distribution along the 
contour of the spring helps locate the 
regions of zero bending moments or 
zero slopes so that the structure can 
be subdivided into simpler components 
for the purpose of analyzing the de- 
flection. The total deflection can then 
be obtained by the method of super- 
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Positive 


position—provided the elastic limit of 
spring material is not exceeded. 
6. U-spring, short extension 

Consider the U-spring in Fig 6. 
The distribution of the bending mo- 
ment is also shown. The displacement 
of the loaded end C is obtained by 
the method of superposition of the 
component deflections. The deflection 
of a symmetrical U-spring BC is: 


43 | D3 
a E + rK? + 4K + 5| (16) 


where K = L,/r 

The deflection of a straight canti- 
lever beam AB of length (L. — L,) is 
given by the standard formula 
P(L, — L)* 

3EI 

Employing the method of superpo- 
sition, the total deflection under the 
transverse load, P, becomes: 


IB * "3 
fa [PEE + mw te 


Vac 


(17) 


Yap = 


EI 


+K4-N)+2 | 
Here 
N = L, Tr; 


Maximum 
type of spring is either at A or D, 


K =L,/r 
bending stress in 


and 


this 


depending on 
Therefore: 
When (L, — L,) > (L, + r) 


<= 6P(L, — L,) * 6Pr 


bh? bh? 


spring proportions. 


(N—K) (19 


Negative bending 
moment 


a) 
La-l; 


S U-spring, short extension (L, < L.) 


when (L. — L,) < (L, + 


6P(L,+1r) _ 6Pr 


aia bh? = bh? 


AI+K 


(20) 


7. U-spring, long extension 


When L. = L,, a symmetrical 
U-shape spring is obtained whose de- 
flection and maximum bending stres: 
can be computed from Eq (16) and 
(20), respectively. However when 
L, > L., Fig 7, the spring cannot be 
divided into symmetrical components 
and therefore it is necessary to analyze 
the spring in three separate stages as 
follows: 

Part AB M,; = Px, 
Part BC Meg = P(, (22) 
PartCD M,; = P(I,; — 22) (23) 

The principle of Castigliano ex- 
pressed in Eq (3) can be written in 
rectangular-coordinate form: 


I oM 
EI f salt cana 


Hence, the total deflection under 
load, P, can be derived from the fol- 
lowing expression: 


l, |. oM 
EI Y = i M, SP dx, 
T 
+- Mo =— rdé 


Integration of this equation results 


(21) 


+ rsin 6) 


Y = (24) 


(25) 


PRODUCT ENGINEERING + OCTOBER 2, 1961 





‘7 U-spring, long extension (L, > L.) 


in the equation for deflection (in this 
particular case) identical with Eq 
(18). The maximum bending stress 
for this type of spring is always given 
by Eq (20), provided the condition 
L, = L, exists. The derivation meth- 
ods discussed in relation to the springs 
in Fig 6 and 7 can be extended to 
a wide variety of complex-shaped 
springs. The procedure shows the im 
portance of the preliminary analysis 
of the distribution of bending moment 
and the convenience of the Castigliano 
principle coupled with the method of 
superposition. 


8. Curved-end cantilever spring 


The complex-shaped springs dis- 
cussed so far included curved portions 
which could be approximated by half- 
circles. For springs with circular arcs 
less than 180°, it is necessary to treat 
a more general case of a curved-end 
cantilever. A more general case is 
also helpful in evaluating the extent 
of the error in calculation of the de- 
flection analyzed on the basis of the 
developed-length method which cal- 
culates the unwound length and treats 
the shape as a straight cantilever. 

A general case of a curved-end can- 
tilever spring is shown in Fig 8. The 
bending moment acting at any point 
along the straight portion AB, is 

M = Pz (26) 
and along the curved portion BC, it is 
M = Pr(K + sin @) (27) 
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B Curved-end cantilever spring 


The bending moment at the built-in 
end attains the maximum value only 
if 8 = 7/2; thus the stress becomes 

6Pr(K + sin 8) 


(28) 
bh? 


When the subtended angle § varies 
between w/2 and a, the maximum 
bending stress becomes 

6Pr(l + K) 
bh? 


(29) 


The deflection of the free end under 
load, P, is obtained by the integration 
of Eq (3) and (24) with the aid of 
the bending moment expressions, Eq 
(26) and (27). This gives 


Pr} K : ' 
: *B+2 — cos 8) 
| + K*8+ 2K(1 cos 8 
8 sin 28 " 

+ 5 r | (30) 
For 8B = 7/2, Eq (30) gives half of 
the deflection computed from Eq (16) 
derived for U-shape spring. For sim- 


plicity, the factors inside the bracket 

of Eq (30) are denoted by the letter G. 

Hence, Eq (30) becomes 

, re’ 

ee 

Factor G denotes the deflection fac- 

tor depending on the length ratio, K, 

and subtended angle, 8. Suppose now 

that instead of the exact equation, Eq 

(31), the approximate cantilever for- 

mula together with the concept of 

“developed length” are used. The de- 

veloped length is equal to L + Br or, 

in terms of K, r(K + £8). Hence the 
deflection would become: 

> Pr(K + Bp) a 

2 ae ed 

If J denotes the deflection ratio ob- 

tained by dividing Eq (31) into (32), 

we find that 


(31) 


J oe 33) 
; (K + B) = 


Factor J is the correction factor 


Developed Length Correction Factor, J 


| B (deg) | 


2.0 


0.98 
0.89 
0.73 
0.54 


K =L/r 

4.0 6.0 
0.99 
0.98 
0.92 
0.83 








9 Closed U-spring 


1 Oo S-spring 


which is a complex function of K and 
B. It gives an indication of the cal- 
culation error caused by the assump- 
tion of the developed length. Some 
representative values of J are shown 
on p 55. Thus for a spring of the 
proportions shown in Fig 8, the de- 
veloped-length method results in a 
value only 81% accurate (B = 115°, 
r= Kh, L = 1%; beoce KX = 243 
and J = 0.81). 


9. Closed U-spring 


The theory developed for a general 
case of a curved-end cantilever can 
be applied directly to the closed 
U-spring, Fig 9. However, for Eq 
(30) to become applicable the follow- 
ing modifications must be made. Let 
the component force P, act perpen- 
dicular to the straight portion, L, as 
shown in Fig 9. Then 

P, = Pecosa (34) 

If Y, denotes displacement of loaded 
end A in the direction of P,, and Y 
the total change in the distance AB 
resulting from P, then 

2Y, Y cos a 
or 
y; : COS a@ (35) 

The deflection caused by load P, 
is obtained directly from Eq (31). 
Introducing the modified notations 
gives 

> P,r . 
ia El 7 

Substituting Eq (34) and (35) into 
the above equation results in the final 
deflection formula for the closed 
U-spring: 

} a G (36 

Thus, in this particular case the de- 
flection under the load P is independ- 
ent of a. However, when the maxi- 
mum bending stress is considered, a 
appears in the relevant design formu- 
las. For 8 = 2/2 + a, the expression 
for the maximum bending stress at A’ 
becomes: 

S = (1 + sina + K/cos a) (37) 

When a = 0, Eq (37) reduces to 
Eq (29). On the other hand when 
B = a/2, the stress is given by the 
equation. 

S = 6Pr (1 — cos 8 + Kfcosa) (38) 

bh? ” . 

When a = 0, 8 = 2/2 and Eq (38) 
reduces to Eq (29). If desired, Eq 
(37) and (38) can be easily rear- 
ranged through the following substitu- 
tions: a = B — x/2 anda = 2/2 — 8, 
respectively. The spring proportions 
limit a to a value obtained from the 





geometrical relation, cot a = K, pro- 
vided load P is zero. For a specified 
deflection Y and 8 = 7/2 + a the lim- 
iting value becomes: 


Y = 2r (cosa — K sin a) (39) 
Equating Eq (36) and (39) gives 


P = BI (cosa — Ksina) (40) 


Gr2 
This equating gives the value of P 
at which the deflected ends will touch 
without exerting any pressure. This 
condition can be accepted only if the 
corresponding bending stress, given by 
Eq (37), does not exceed the elastic 
limit of the material. 


10. S-spring 


The total amount by which the free 
ends of the S-spring in Fig 10 ap- 
proach each other under load P fol- 
lows directly from Eq (36) 


., 
y — os EI os G 
The maximum bending stresses can 
be computed from Eq (37) and (38). 
Eq (39) and (40) are also applicable. 


(41) 


SHARP CURVATURE SPRINGS 


Where springs involve relatively 
long straight portions and sharp radii 
of curvature, such as in Fig 11 and 
12, the preceding analyses must be 
applied cautiously. Sharp radii cause 
stress concentrations. There exists a 
considerable amount of design data 
in the literature on this particular as- 
pect of structural behavior. In gen- 
eral, stress raisers are characteristic 
of elastic behavior. Plastic yielding 





117 Sharp-bend cantilever spring 
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reduces the effects of stress concentra- 
tion so that the practical significance 
of this problem depends on circum- 
stances. Ductile material under static 
loading is usually not sensitive to stress 
raisers. With brittle materials stress 
concentration is generally a serious 
consideration—but the susceptibility 
to failure varies with the type of brit- 
tle material. The conditions involv- 
ing fatigue also have considerable 
influence on breaking strength in 
presence of various type of stress rais- 
ers and even ductility can prove to be 
a poor measure of immunity to stress 
concentration. 

In the springs of Fig 11 and 12 
rather rapid stress variation is brought 
about by a curved beam effect of 
relatively small radius at the corners. 
The unit stresses in a beam of this 
type are not directly proportional to 
the distance of the neutral axis be- 
cause the length of the elementary fila- 
ments are not identical. As a practical 
guide, as long as the ratio of depth of 
section to inner radius of the fillet is 
not more than about 0.5, the approxi- 
mate method of stress calculation 
should yield acceptable results for 
most design purposes. Also, in calcu- 
lating the deflections, the ratios of 
straight length to radius of curvature 
are usually quite large so that the ef- 
fect of corner radii can be safely ig- 
nored. 


11. Sharp-bend cantilever spring 
The bent cantilever spring in Fig 
11 can be subdivided into three por- 
tions, a, c and d. The corresponding 
bending moment equations expressed 


in terms of load P are as follows: 
M, =—Px (42) 
M. = Pa (43) 
M,z = P(a — x) (44) 
Utilizing the general equation, Eq 
(24), the total displacement of the 
loaded end of the spring in the direc- 
tion of P is 


a 
EI Y = i M, ome az 
a oF 
+. om, 
+f, Me pr de 
d 
+ J, M, OMe a, 
0 oF 


This equation illustrates the gen- 
eral procedure to be followed when 
the complex-shape spring can be sub- 
divided into a number of regions to 
which particular bending moment rela- 
tions apply. Because a, c and d can be 
varied arbitrarily in this case, the 
position and the magnitude of the 
maximum bending stress can be de- 
termined by inspection. Introducing 
Eq (42), (43) and (44) into (45) 
and integrating gives 

P 

3x ‘* 
This equation is applicable also to 
cases where a = 0, a =>c=—0,d=0 
or d = c = 0, giving various design 
formulas for the calculation of the de- 
flection. 


(45) 


Y 34 3a°c+3a%d —3ad?+d*) (46) 


12. Frame-type spring 

When a frame-type leaf spring, Fig 
12, is loaded symmetrically, there must 
be a zero slope at F. This permits 
analysis of only one half of the struc- 


12 Frame-type spring 








1 = Clip spring 


ture, and the bending moments be- 
come: 
(47) 


M, = Px/2 
2 (48) 


M. = Pa 
M, = P(a+2)/2 (49) 
The derivation can be carried out 
with the aid of Eq (45) giving the 
following deflection formula 
P 
Y = 6EI [(a + d)? + 3a%e] (50) 
In developing Eq (50) it is assumed 
that the corner radii are relatively 
small and can be neglected. In prac- 
tice, sharp corners are not absolutely 
rigid. However, when analyzing the 
deflection, the effect of such corners 
can be neglected. Location of the 
maximum bending stress in a frame- 
type spring should be determined with 
regard to possible stress concentrations 
at the corners. When the corner radii 
are sufficiently large to be neglected, 
the maximum bending stress will oc- 
cur at F under normal spring propor- 
tions. However, in addition to the 
above considerations the question of 
elastic stability of the vertical sides c 
may arise if the horizontal portions a 
and d are found to be relatively small. 


DESIGN EXAMPLES 


Example I—Circular Bends 

The complex-shaped flat spring 
made of spring steel, Fig 13, is em- 
ployed as a clip, going over a machine 
member by spreading apart the free 


56 








7} & Half-circle S-spring 


ends. Calculate the maximum bend- 
ing stress for a spring with the follow- 
ing requirements: 


0.5 in. 

1.5 in. 
0.040 in. 
2Y =0.2 in. 

E =30X 10° psi 


Mean radius of curvature = 
Straight portion 2L = 
Thickness of stock = 
Deflection of free ends 
Modulus of elasticity 


Solution: 

The stress and deflection formulas 
applicable to this case are given by Eq 
(13) and (15), respectively. Because 
the load acting on the spring is not 
known, Eq (13) is rearranged: 


ae Sbh2 
sii 18r 


Introducing the above expression, 
and J = bh*/12, into Eq (15) gives 
the equation for maximum stress: 

5 . SHAY 
~ — #2(36N + 197) 

By the definition, N = L/r = 0.75, 
0.5 = 1.5. Hence, substituting the 
numerical data, the maximum bend- 
ing stress is: 


6 X 30 X 10° x 0.040 X 0.1 


0.25 (36 X 1.5 + 19 X 3.14) 
= 25,300 psi 


Example Il—Half-circle S-spring 


A fiat S-spring consists of two half- 
circles and carries a compression load 
P, Fig 14. Calculate the required 
thickness of stock such that the maxi- 


mum bending stress will not exceed 
30,000 psi when the spring is deflected 
0.3 in. Also, determine the resisting 
force at that deflection. Width of the 
material is 2 in., r = 2.5 in. and E = 
30 x 10° psi. 


Solution: 


The deflection factor G from Eq 
(30), and Eq (38) and (41) can be 
employed. Here, 8 = 7/2 and K 
0 to obtain G 7 4. Hence Eq (41) 
becomes 


12x Pr 


bEh 


The maximum bending stress is 
found from Eq (38) by substituting 
. = 0 and B = a/2. This gives: 


6Pr 


S = 
bh? 


Thus there are two equations and 
two unknowns. To solve, rearrange 
the above equation: 

Sb 
D/fp2 = 
P/h 6r 

Substituting this expression in the 
deflection formula gives the required 
thickness of stock: 

2ar8 
YE 
2 X 3.14 X 6.25 X& 30,000 
0.3 X 30 x 10° 
0.131 in. 
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1 & Anchor spring 


The corresponding compression load 
can be now found from the stress 
equation. 


Sbh? — 30,000 K 2 X 0.131? 


P= ~ 
6r 6 & 2.5 


P 69 lb 


Example II1I—Anchor spring 


The anchor-type steel spring, Fig 15, 
carries a load P at its free end. Calcu- 
late the downward displacement of 
the free end, and the maximum bend- 
ing stress for the following dimen- 
sions: 


Mean radius of curvature 
Straight arm 

Width of stock 
Thickness of stock 
Modulus of elasticity 
Concentrated load 


3 % 
mudd 


Solution: 


Deflection of the curved portion 
alone is given by Eq (4). The straight 
portion can be considered as a canti- 
lever beam loaded with P and a bend- 
ing couple M, = Pr, as illustrated. 
The slope at the end resulting from the 
couple is M,L/EI = PrL/EI. The 
deflection resulting from M, in the line 


of action of P is then: 
PrL 
“EI L-4 


The component deflection because 
of the cantilever effect alone is PL*/ 
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3EI. Hence adding the three com- 
ponents gives: 


_ Perf se , K tho 
Y = | + 3 +4 +k] 


Integration of Castigliano equations, 
Eq (3) and (24), will lead to the 
same result. The corresponding for- 
mula for the maximum bending stress 
follows directly from the geometry of 
the spring. 


6Pr (1+ K) 


S = 
bi? 


where K = L/r = 2. Substituting the 
numerical data gives: 


15(2.356 + 2.666 + 4 + 2)12 
3 


~ 30 X 10° X 0.5 X 10 
= 0.132 in. 
6x15x3 


S =- 
0.5 X 0.01 


= 54,000 psi. 

It is assumed that no severe stress 
raiser is present in this spring at the 
junction of the curved and straight 
portions. 


For reprint of above article, just 
check 632 on one of the Reader Serv- 
ice cards found in this issue. 


Editor’s note: For more information 
on flat springs—dimensioning, design 
equations, costs and materials—refer 
to these articles: 


Dimensioning 

Functional Gaging for Flat Springs, 
Dec 9 °57, p 76—When attempting to 
dimension a complex flat spring, why 
not try the functional gaging method. 
Along with needed specifications, such 
as deflection at a prescribed load, the 
drawing can call for a gage setup that 
simulates operating conditions after 
assembly. This avoids tight tolerances, 
tolerance pile-up, and need for skilled 
inspectors, and reduces costs. 
Design Equations 

New Equations for U-springs, Aug 
7 °57, p 79—Included are equations 
and charts for the simple-simple, 
cantilever-simple, cantilever-cantilever, 
and double-cantilever types of 
U-springs. For free reprint, check 621 
on one of the Reader Service cards. 

How Light a Spring for Absorbing 
Shock, Feb 1 ’60, p 49—You don’t 
even have to know the spring’s dimen- 
sions—-these equations of flat and 
other types of springs quickly find the 
lightest type. Dimensions can later 
be varied at will. Six spring types, in- 
cluding special-shaped flat springs, 
analyzed. 

Cantilever Springs that Roll With 
the Load, July 7 60, p 58—Providing 
a curved support for a flat cantilever 
triples its energy capacity. Covers 
seven types, including magazine, back- 
to-back and hinge springs. 

For Spring Action—Which Canti- 
lever Beam is Best?, Feb 17 °58, p 83 
—Comparison of rectangular, triangu- 
lar, trapezoidal, tapered and parabolic 
types. 

Designing Flat Springs, Part I, July 
17 61, p 61; Part II, July 31 ’61, p 45. 
Nomographs for eight types of single 
and laminated leaf springs. 

Costs and Materials 

Flat Spring Material—Costs and 
Stress Factors, Oct 14 °57, p 125— 
chart showing the effect of thickness 
on costs for steel and non-ferrous al- 
loys. 

How to Design Flat Reinforced- 
Plastic Springs, Nov 9 °59, p 74— 
Reinforced epoxy laminates are more 
efficient that steel for many leaf-spring 
applications. Includes design equa- 
tions. 

Formability of Flat Spring Material, 
Sep 16 °57, p i25—chart helps choose 
between annealed and pretempered 
strip steel and gives data for various 
hardness ratings. 

The Best Spring Material for High 
Temperature, Jan 18 ‘60, p 44— 
Super alloy springs of NS-25 stay 
good as new after several hundred 
cycles at 1100 and 1400 F. Springs 
of ordinary stainless are completely 
deformed after one cycle. 

—Nicholas Chironis 
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% Control Mountings 
When designing control panels follow this 8-point. 


guide and check for... 


7 


FRANK WILLIAM WOOD IR, president, Advanced Designs inc, Vienna, Va ~ 


.»» LOCKING, Control will stay fixed in spite of vibration ..+ SEALING against dast or wa- 
or attempts to force shaft too far, Washer at right has two ter, Boot seals between shaft and 
tabs; one fits in the panel, the other in-the contral-bushing, bushing and between bushing and. 
Left washer has a boss which fits into a cutout in the panel panel. With control behind panel 
and around a pin projecting from the control body. rubber grommet seals only one place. 


coupling 








,-»HAND-ROOM at front of the panel. ‘y.. “HOT” CONTROL KNOBS. One ap- 
Space knobs at least one inch apart, Extend- ~\| | proach is to ground them|by installing a brush 
ing knob to save space pots it where the oper- against the shaft. Anpther solution is|to iso; 


ator can bump into it and bend the shaft. late the control by an insulated ‘coupling or 4 
Best rule is to keep shaft as short as possible. ' plasti¢ knob having recessed holding screws, 








a Vernier coupling 


, 


++ RESETTING fo match controls to panel - 
markings. For ctude adjustments a $et-screw 
is enough. Where matching is critical a three- © 
piece vernjer coupling permits more accurate 
¢ealibration. 


Grdovad haoh 


Suaport | _ 
bracket 


¢ 


Bho fi permit adjustment 
“ ee | 


: 


pera ee 
is i 1en_stop 1 ves. 
~ P| 
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broken 
warning light 





.»»» ACCESSIBILITY behind the panel, 
Rasy access reduces down time and mainte- 
nance costs especially if one man can do most 
jobs alone. Here, technician can’t replace a 
warning light without dismantling other parts. 





| -}. GUARDS io prevent accidental actua- 
tion pf 


guard for push- 
| buttons ‘s finger-size. eave sep- 
arates clos¢ly spaced toggle switches, and a 





How to select a synchro 


For remote, precise indication and control 


in the inch-ounce range. 


P J MULVEY, Supervisor of technical proposals, Kearfott Division, General Precision Inc, Clifton, NJ 


S YNCHROS transmit torque to re- 
sJ mote locations through electrical 
connections. For a given system, accu- 
racy varies inversely with torque trans- 
mitted, resolution is infinite, transmis- 
sion is elastic, friction can be quite low, 
but power, at watts level, is required to 
energize the system. 

Basically a synchro is a rotary trans- 
former in which the magnetic coupling 
varies with shaft position. The rotor 
carries a two-pole winding and the 
stator a three-phase winding. When 
the rotor is energized by line voltage, 
the voltage in each stator winding de- 
pends on its position relative to the 
rotor. Now connect up another syn- 
chro with stators “back to back” and 
rotors across the same line, and dis- 
placement of one rotor produces a 
torque in the other, tending to keep 
the rotors in synchronism—almost. 

Any load or restraint on the receiver 

even its own friction—requires some 
difference in relative position of trans- 
mitter and receiver to produce the 
torque needed to rotate the receiver. 
Thus, the “torque gradient” or restor- 


ing torque per degree of relative dis- 
placement is a primary design charac- 
teristic in selecting the size of unit for 
a given load and specified level of 
accuracy. 

Synchros permit unlimited rotation 
in either direction, and they retain 
their synchronous behavior at speeds 
from standstill to motor speeds. But 
load inertia—or Wk’—during accel- 
eration or deceleration retards rela- 
tive position of the receiver rotor in 
proportion to load inertia and the ac- 
celeration of the transmitter. For high 
inertia loads retarding effect may be- 
come great enough under sudden 
starts or stops to cause loss of syn- 
chronism. 

Continuous rotation provides resolu- 
tion that is infinite—theoretically. 
However, resolution is limited by char- 
acteristics of the magnetic circuit and 
friction of the receiver and load. 
Static friction is introduced by bear- 
ings and brushes that conduct power 
to the rotor. The rotor tends to oscil- 
late around the synchronous position; 
some form of damping, mechanical 


or electrical, is usually built in to re- 
duce this oscillation. 

Power losses are low at synchronous 
position—determined largely by the 
no-load heat loss in the windings and 
eddy-current losses in the laminations. 
But stator currents increase with rela- 
tive displacement, and can be damag- 
ing if a continuous load or jamming 
maintains a large displacement. This 
can become a serious problem with 
smaller sizes because of limited sur- 
face area for radiation of heat. 


Selection is a compromise 


First step in the selection of a syn- 
chro for torque transmission is to find 
the best compromise between torque 
gradient, accuracy and size. For small 
displacements the torque gradient is 
closely proportional to angle of dis- 
placement, and increases with power 
input. For a given load, accuracy is 
higher and lag smaller for a higher 
torque gradient. 

Accuracy decreases with an increase 
in load torque (running torque plus 
accelerating torque). The combined 


Synchro transmitter and receiver are of 
same construction. Rotor is wound single 
phase with current supplied from the 
line through the brushes and slip rings 
seen at right in cut-away view. Stator 
winding is three phase. Y-connected, with 
leads brought out to termina!s on the end 
of the unit. Stator windings are potted. 
Aluminum housing is supplied with servo 
mounting grooves. Transmitter and re- 
ceiver are connected “back to back;” with 
rotor coils connected across the line, and 
stator coils connected in parallel. This 
is a “size 15” unit shown a little larger 
than actual size. 
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requirements of load torque and ac- 
curacy determine the torque gradient 
—which can be calculated or deter- 
mined by test. Torque gradient thus is 
a sound basis for selecting a specific 
unit from a supplier’s catalog. 

Accelerating torque can be calcu- 
lated from the inertia of the rotor, 
plus inertia of the load referred to the 
rotor shaft, and the acceleration re- 
quired. Procedure is the same as in 
calculating driving torque for a motor 
(see combined reprint “Wk* and Mo- 
tor Selection” listed at end of article). 
Most catalogs give the rotor inertia 
for each model along with the torque 
gradient, max error as measured by a 
balanced pointer, and power dissipa- 
tion. 


Two receivers from one transmitter 


When two or more receivers are 
driven by one transmitter, the torque 
gradient supplied by the transmitter is 
shared equally by the receivers; with 
decreased torque gradient the receiver 
error is increased. Where transmitters 
and receivers are all of similar design 
with the same torque gradients 7 
the torque gradient 7, at each of N 
parallel-connected receivers is 


Calculation of error at the receiver 
must, of course, be based on 7, in- 
stead of its rated torque gradient. 

Input power to the transmitter will 
be increased as more receivers are 
added. The total power therefore must 
be kept within the rating of the trans- 
mitter to avoid excessive temperature 
rise. If combined loads are close to the 
rating of the transmitter, it may be 
necessary to use a transmitter of larger 
capacity—a problem that should be 
checked with the supplier. 

At synchronism the power losses at 
transmitter and receiver are approxi- 
mately the same as the dissipation for 
either unit with the stator open 
circuited. Ratings shown in most sup- 
plier’s catalogs are based on the open- 
circuit loss. Higher loads can be car- 
ried for short intervals if the over-all 
duty cycle is low, but peak demands on 
the power source may be much higher 
than the combined ratings of trans- 
mitter and receiver. This will present 
no problem for units supplied from 
power lines, but can be an important 
consideration for synchros supplied by 
electronic amplifiers or by 400-cycle 
power sources. 

Values of torque gradient and power 
are usually the same for both trans- 
mitter and receiver; max error is less 
for the transmitter since some torque 
is needed to position the receiver. 
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Mounting considerations 


Synchros usually are mounted on 
end flanges, using a close-tolerance 
diameter as pilot. Dimensions of the 
pilot diameters and flanges conform 
to military specifications and industry 
standards such as SAE Aeronautical 
Recommended Practice 461A. 

For most applications the synchro is 
held by three servo mounting clamps 
engaging a slot in the periphery of 
the housing. This allows rotation of 
the body in the mount for zeroing. 
Many types also provide 3 or 4 tapped 
holes in the end flange for mounting 
sectors or arms for adjusting zero 
position. 

Synchros are normally designated 
by a size number, which is the maxi- 
mum allowable diameter of the syn- 
chro in tenths of an inch. Thus a Size 
11 synchro has a maximum allowable 
diameter of 1.1 in.; the usual maxi- 
mum diameter is 0.030 to 0.050 in. 
less. Illustration is 2/3 actual size. 

Aside from the basic mounting di- 








SIZE 15 SIZE 18 


mensions, other mechanical character- 
istics are not yet well standardized 
and, unfortunately, vary among manu- 
facturers. Shaft size and extensions, 
shaft runout, mounting diameter con- 
centricities and radial play must be 
obtained from manufacturer’s data. A 
slot is sometimes cut in the end of 
the shaft to help in zeroing or test. 

Smaller synchros usually have leads 
for electrical connections; larger sizes 
normally have terminals. While there 
is considerable variation in terminal 
arrangement, the identification is 
standardized: rotor connections are 
R1, R2; stator connections $1, $2 and 
S3. 

Much helpful and detailed informa- 
tion on definitions, frame dimensions, 
ratings, test and other specifications 
are given in the SAE ARP 461A men- 
tioned above. Copies are obtain- 
able at $3 from Society of Automotive 
Engineers, 485 Lexington Ave, New 
York 17. 


STANDARD MOUNTING DIMENSIONS, SAE ARP 461A 


Size 8 


Shaft extension. f 7/16 
Shaft diameter > 0.120 
0.750 
1.812 


Housing diameter... 
Housing length... 


Mounting pilot diameter C 
Length of pilot. . . : 


0. 500 
0.040 


Sector pilot diameter... D 
Pilot extension G 
No. of holes and size - L 
Bolt diameter......... M 


1.687 or 1.789 1.98 


11 15 18 


5/16 or 0.555 1/2 or 0.540 


0.120 or 0.185 0.120 or 0.185 


1.062 


1.437 

or 1.93 
1.000 l 

0.062 0 

0.625 

0.062 

(4) 440 
0.812 


0.500 or 0.875 
0.040 
(4) 440 
0.875 or 1.100 





Systems to transmit torque 


MECHANICAL 


Mechanical, pressure or electrical de- 
vices can actuate position indicators, po- 
tentiometers or instrument motors at a 
distance. Problems presented in selecting 
the best method and type for an applica- 
tion involve weighing available devices 
in the light of these conflicting require- 
ments: 

@Length of span between transmitter 
and receiver. 

®@ Need for mechanical flexibility over the 
span. 

@ Travel or range of movement. 


—— Bellows J 


@ Resolution, linearity, accuracy and 
stiffness needed for the system. 

@ Speed of response. 

@ Effect of friction and backlash. 

@ Range of power or torque. 
Mechanical. Belt and pulleys, chain and 
sprockets, gearing and flexible shafting 
all require fixed points for transmitter 
and receiver, and are limited to short, 
simple spans. Number of turns is un- 
limited as is torque capacity, but fric- 
tion losses may present problems for 
drives with low power input. Backlash 

















tL 
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Displacement-deg 


Torque transmitted and power loss in- 
crease with difference in angular displace- 
ment between transmitter and receiver 
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rotors. Continuous ratings are limited to 
displacement angles of 5 to 10 deg by 
ability to dissipate internal heat. 








ELECTROMAGNET 


and wear may also pose problems where 
high accuracy is needed. Fast response 
and high system stiffness are easily ob- 
tained. 

Pressure. Bellows, diaphragms or bour- 
don elements can be connected to form a 
simple, accurate low-friction pressure 
system good for long spans and circuitous 
paths, but the stiff tubing requires fixed 
locations for transmitter and receiver. 
Resolution and accuracy are both influ- 
enced by the relatively low power level 
available and low stiffness of the system. 
Leakage is a hazard; travel is limited. 


Power dissipation is given in watts 
with stator coils open representing the 
“no load” condition. 


Advantages of 400-cycle power 


Much of the past experience in de- 
sign and application of control syn- 
chros has come from military and air- 
craft uses where 400-cycle power is 
employed for reduction in size and 
weight. For the same physical dimen- 
sions, a synchro unit designed for 400- 
cycle power will deliver 43 to ¥2 more 
torque. This is of particular advantage 
for the smaller sizes. 

Packaged power supplies and con- 
verters for supplying 400-cycle power 
from 60-cycle or de supply are cur- 
rently available, including rotary 
(small motor-generator sets), elec- 
tronic amplifiers, or solid-state devices. 
Close control of wave form is not 
necessary; torque synchros will oper- 
ate from a square-wave source with 
little decrease in accuracy. 


Gearing for increased accuracy 


A synchro system will deliver 
higher accuracy if geared up at the 
transmitter and geared down from the 
receiver to the load. Friction errors are 
reduced in direct ratio: a 3:1 step up 
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Electrica/ 
supply 


Stepping 


Signa/ | Motor 


~ 


Pulse generator 


STEPPING MOTOR 


Electrical. A variety of methods is avail- 
able using flexible electrical wiring to 
connect transmitter and receiver, there- 
fore permitting long spans and complex 
paths. Common systems use rheostats or 
potentiometers as transmitters and sole- 
noids or indicating instruments as receiv- 
ers. Sliding contact wear, friction, reso- 
lution and limited travel are problems, 
as are the conflicting requirements for 
high accuracy and low power level. 
Stepping motors, as receivers linked 
electrically to some form of digital trans- 


at the transmitter and 3:1 reduction 
leaving the receiver will cut errors to 
¥3. Displacement under torque loads, 
whether from the load directly or 
from inertia, are reduced by the square 
of the ratio: a 3:1 gear drive will re- 
duce the effect of load and accelera- 
tion to 1/9. 

An inherent disadvantage of a 
geared drive is that synchronism is 
lost if the power is interrupted or if a 
momentary overload exceeds the 
torque of the system. 


Synchro as a control transformer 


Where the control problem calls for 
a large output torque combined with 
high accuracy, the synchro receiver 
can be replaced by a synchro control 
transformer, amplifier and _ servo- 
motor. In this system the stators are 
connected in the normal manner, but 
the receiver rotor is fed to an ampli- 
fier, and is also geared to the load. 
When the transmitter rotor is dis- 
placed, voltage set up in the receiver 
rotor is amplified and fed to the servo- 
motor which drives the load; as rota- 
tion of the load brings the receiver 
rotor to synchronism, the voltage into 
the amplifier is reduced. 

Output torque in this system is not 
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Electrical 
output 


Differential 


trons 
——e 


Signa/ 


—-,- 
/nput (electrical ac) 


Mechanica/ 
output 


+> =a 


Mechanical 
snput 


DIFFERENTIAL TRANSFORMER 


mitter, provide large torques with high 
accuracy, but with a problem in resolu- 
tion. Travel or range is unlimited, and 
stiffness is high. 

Differential transformers, both linear 
and rotary, do not require an electrical 
connection to the moving core or rotor, 
and have infinite resolution. Power and 
range are extremely limited if high accu- 
racy is needed, and good linearity is ob- 
tained only on small displacements. 

Synchros are continuously rotatable in 
either direction with no limitations in 


Stotor output 


J (Electrical) 


' 
Rotor 
Stotor 

















Rotor 
Stotor | 











‘ 


Line 


SYNCHRO 


range. Connections are simple and flex- 
ible, resolution is infinite and accuracy 
is high, but power is limited when high 
accuracy is needed, unless additional 
amplifier and servomotor components are 
added. 

(Coming articles will evaluate types 
of mechanical drives for control service, 
devices and systems using pressure, and 
electrical systems using potentiometers 
and stepping motors. This article, first in 
the series, presents the case for synchros. 
—Ed) 





Power at no load, watts 
o @ 
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Torque gradient, in-oz per degree 
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Torque - 
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Error, degree; 
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Maximum OD -in 


Accuracy, power and torque gradient re- 
quired determine the minimum size. 
These values are representative of stand- 


ard units but special combinations can 
be provided to meet specific requirements 
for torque gradient or accuracy. 





limited by the power supplied by the 
transmitter, but only by the amplifier 
and servomotor. System accuracy de- 
pends on amplifier and gearing; load 
on the transmitter is determined only 
by the input required for the amplifier. 


Editor’s note: For assistance in meas- 
uring or calculating Wk’ for rapid ac- 
celeration of load, along with 12 other 
articles discussing the selection of 
motors and drives for high inertia 
loads, see “Wk* and Motor Selection,” 
a 64-page combined reprint of articles 
included in earlier issues. Copies are 
obtainable for $2 on orders accom- 
panied by remittance sent to Reader 
Service Dept, Product Engineering, 
330 W 42nd St, New York 36. 

Design for automatic operation 
frequently calls for transducers to 
produce a control signal, and devices 
to convert the signal to an indication, 
a force, torque or displacement. Re- 
cent articles offering design guidance 
in these areas include: 


Transducers 


Angle and Position Measuring 
Transducers, Aug 21 ‘61, p 33—40 
ways to keep track of mechanical 
movement and determine position of 
an object. 

How to Select a Flowmeter, May 
8 °61, p 35, and Variable-head Flow- 
meters, June 5 °61, p 50—Commer- 
cially available types for designed-in 
use, and procedure for selecting the 
best type. 

Temperature Measuring Transduc- 
ers, May 22 ’61, p 49—Old types and 
some new ones reviewed and com- 
pared in a complete listing. 

Which Decision-making Electrical 
Control, Feb 13 °61, p 37—When to 
select electromechanical, semiconduc- 
tor or magnetic systems; practical 
limitations of each type. 

Resistance Transducers, Oct 17 
‘60, p 76—Discusses linear and rotary 
potentiometers. 

Capacitance Transducers, Nov 7 
60, p 70—Circuit requirements for 
capacitance probes. 

Better Accelerometers Off the 
Shelf, Sep 5 °60, p 54—Compares six 
types used in machine controls. 

Piezoelectric Transducers Measure 
Fluctuating Forces, Apr 27 °59, p 61 
—How they work, and their limita- 
tions and advantages in controls. 


Receivers 


Digital Readouts, Oct 31 °60, p 46 
Compiete roundup of all types of 
digital displays, how they work and 
how to select the right one. 


Choosing the Right Mechanical 
Counter, Apr 17 61, p 41, and Me- 
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For synchro receivers in 


Gearing up the synchro to the in- 
put with equal gearing down at the 
Power input 


receiver reduces error. 


Transmitter Receiver 


multiple 
with one transmitter, torque gradient 
of transmitter is shared by each re- 


S/ 


ty 
i 


ceiver; with reduced torque gradient 
at the receiver, load must be reduced 
to keep the error at rated value. 























for the same transmitted torque is 
reduced by the square of the gear 
ratio. 


Amplifier 


M™~™ 
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Synchro receiver used as a control 
transformer or resolver with a trans- 


chanical Counters for Speed and 
Economy, July 24 ‘61, p 29—Rules 
to follow in designing a counter into 
the system. What is available for over 
1000 rpm; advantages and limitations 
of basic types. 

How to Select Electromagnetic 
Clutches and Brakes for Automatic 
Control, Dec 19 60, p 29; Response 
Time of DC Clutches and Brakes, 
Jan 23 ‘61, p 41; and Magnetic 
Clutches for Continuous Slip, Aug 28 
’61—Series of three articles presenting 


former and servomotor can supply 
any desired level of output power. 


design data to guide selection of type; 
how to anticipate the problem of re- 
sponse time, and meet special prob- 
lems faced under continuous slip. 

Which Instrument Motor for the 
Job, Mar 27 °61, p 43—Factors to 
consider and two tables that help in 
selecting the best type. 

High Force Thermostatic Actuators, 
July 11 °60, p 74—Comparison of 
hydrocarbon wax with solid and fluid 
expansion systems. 

—Robert W Carson 
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Engine and body varieties highlight 


"62 automotive panorama 


Car manufacturers try new tack—in-between body 
sizes and high-performance, economy, cast-iron engines. 


T 1E 1962 parade of cars is bigger 
than In fact, so big that 
many will have trouble remembering 
all the new names—even though they 
are made by the same big three plus 
two. General Motors and Ford are 
both adding “in-between lines” and 
Chrysler is shrinking its Dart series to 
match the new sizes. 

Outward changes are immediately 
apparent. Tail fins are gone. 
spare-tire holders in trunk lids are 
gone. The sculptured look is the “new 
frontier” of auto manufacturers. And 
the major engineering changes, this 
year, show up in two places: car bodies 
and engines. 


ever. 


False 


Bodies. A definite shrinkage is evident 
in almost every make. The spotlight, 
of course, is on the new body shells 
representing the “in-between” car. This 
group contains the Ford Fairlane, 
Chevy II, Dodge Dart, and Mercury 
Meteor. 

Chevy II is a Falcon-size car, an 
item needed in the Chevrolet line, ac- 
cording to many observers. The Ford 
Fairlane, on the other hand, is strik- 
ingly close to the Ford of a decade 
ago (see chart). Chrysler products, of 


which the Dart is representative, have 
been merely shrunk, fore and aft. 

Chevrolet, with its unitized Chevy 
II series, is a jump ahead of competi- 
tion because it will make an early of- 
fering of 4-door station wagons and a 
convertible. These and the Fairlane- 
Meteor grouping from Ford are all 
new shells, with weight-saving designs 
learned from the earlier compacts. 

The body shells shared by the senior 
Plymouths and Darts are all-new, com- 
pletely integrated units that let these 
models shed 400 Ib. A major saving 
is elimination of front stub frame. 


Engines. At no time in automotive his- 
tory have so many basically different 
engines been offered. The trend is 
away from aluminum, back to cast 
iron; and the new cast-iron engines 
weigh only slightly more than the alu- 
minum engines and are easier to pro- 
duce. Precision molds and cores, plus 
high-temperature, water-cooled melt- 
ing furnaces, now produce iron cast- 
ings with walls under 0.190 in. and 
research in cast-iron and nodular or 
ductile iron may give even lighter 
walls and engines in the future. 

For example, Ford’s new 221-cu.-in. 





Dimension 
Length, in. 196.8 
Height, in. 63.2 
Width, in. 72.8 
Wheelbase, in. 114.0 
Front leg room, in. 43.3 
Rear leg room, in. 43.4 
Front head room, in. 40.5 
Rear head room, in. 37.8 
Turn to curb dia, ft. — 
Trunk, cu ft 22.9 
Road clearance, in. pS 
Curb weight, Ib 3140 





’62 “IN-BETWEEN CARS”’ ABOUT SIZE OF ’'49 MODELS 
°49 Ford Fairlane 
197.0 


115.5 


Dart 
202.0 
$3.7 

75.6 

110.0 116.0 
44.0 43.5 46.0 
43.6 38.5 39.1 
38.7 39.0 38.0 
38.0 37.8 

38.4 40.3 39.5 

23.5 27.2 ct 

6.0 5.0 6.3 

2605 3100 2874 


Meteor 
203.8 
56.1 
71.3 
116.5 
46.7 
41.4 
39.0 
38.0 


Chevy Il 
183.0 
55.0 
70.8 


33.2 
71.0 
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CHEVROLET’S family. From top to 
bottom, Corvair 4-door sedan, Chevy II 
300 4-door sedan, and Impala 4-door 
sedan. 


FORD’S new 


sedan. 


entry. Fairlane 4-door 


CHRYSLER’S 


sedan. 


new one. Dart 4-door 
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CHEVY I! uses a single leaf spring 
forged from chrome carbon steel rectan- 
gular bar stock. The single leaf is % x 
2% in. at the center and tapers in thick- 
ness to % in. while spreading to a 2% in. 
width. Under load the length of the leaf 
is 62% in. During fabrication the upper 
side is shot peened with the spring flexed 
to put the surface under tension. 

The single leaf is insulated at the axle 
and body connection points by rubber. 
The center of the axle is sandwiched be- 
tween heavy rubber pads and rubber 
bushings are used in the spring eyes. A 
shackle at the rear of each spring per- 
mits the variations in spring length pro- 
duced by bump and rebound. 

The front coil springs are mounted on 
the upper A-frames and anchored in the 
sheetmetal wheel housings. The single 
lower arm is braced by a trailing reaction 
rod connected to the frame. 


BUICK’S compact, the Special 4000 se- 
ries, has a cast-iron V-6 engine option. 
The 3.625-in.-bore, 3.2-in.-stroke engine 
has a displacement of 198 cu in. The en- 
gine weighs 362 Ib including generator, 
starter, air cleaner and fan. This weight is 
claimed to be 140 to 179 Ib lighter than 
current in-line sixes of comparable power 
output. The new engine produces 135 hp 
at 4600 rpm and 205 ft-lb torque at 
2400 rpm with an 8.8:1 compression 
ratio. Cast-iron cylinder block has a die- 
cast accessory drive package bolted to 
its front end. This section contains the 
oil pump, distributor, camshaft and fuel 
pump drives. A sheave on the nose of the 
crankshaft drives the generator, fan and 
centrifugal water pump. 


V-8 has more power for less weight 
and engine wear, and with better fuel 
economy than the 1932 L-head V-8. 
Ford’s casting process is based partly 
on precision cores, developed from 
shell molding. Camshaft, crankshaft, 
and some other parts are shell molded 
with phenolic binders and sand. The 
block, head, intake and outlet mani- 
folds, and some housings are precision 
cored with urea-resin binders and sand. 

Buick’s new cast-iron V-6 engine 
weighs only 362 Ib, has a 198-cu-in. 
displacement and delivers 135 hp. 
Chevy II cast-iron 4-cylinder engine 
has a 153-cu.-in. displacement and 
weighs 360 Ib, and the 6-cylinder 
model weighs 450 lb for 194 cu in. 
and delivers 120 hp. Compare these 
with the standard Chevrolet in-line six 
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which weighs 608 Ib and produces 
135 hp. 

Ford will use its Falcon 6-cylinder 
cast-iron engine to power the new 
Fairlane and Meteor but will continue 
to invest in additional tooling for its 
baby V-8 to offer it as an optional en- 


gine in these series. The V-8 weighs 
60 Ib less than Ford’s standard six, but 
out-performs it. 

American Motors and General Mo- 
tors will still offer aluminum engines 
and there is still plenty of prototype 
testing and design work going into 
advanced engine models. Major stum- 
bling block is production costs when 
compared to the new cast-iron power 
plants. 

GM’s semipermanent-molded alu- 
minum V-8 is still offered on the Olds, 


and as an option on Buick and Tem- 
pest. This is a high-performing en- 
gine, but production costs are still too 
high. Corvair’s aluminum horizontally 
opposed, air-cooled six will be back 
this year. 

Rambler’s all-aluminum in-line six 
looked set for this year’s model but 
the resin bond that joined the two 
halves of the split head failed in its 
hot water test—after six months ex- 
posure. The problem remains un- 
solved and the Rambler will stay with 
its present power plant. Doehler- 
Jarvis is working on a new engine 
design, planned from the start as a 
die-cast aluminum block, which may 
be ready for the 1963 models. Present 
aluminum engine was originally de- 
signed to be made of cast iron. 
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30 YEARS OF ENGINE IMPROVEMENT 


Dimension 32 V-8 62 V-8 


Displacement, cu in. 2 21 
Bore, in. 3.5( 


Stroke, in. 7 


8 
Compression ratio » Se 8.7:1 


Max bhp at rpm 65 @ 3400 145 @ 4400 


Torque, ft-lb at rpm 139 @ 1500 216 @ 2200 
Engine weight, Ib 530 465 
Bhp/cu in. 0.294 0.656 


Bhp/Ib of weight 0.123 0.312 


Main bearings 3 5 











SCHEDULED for production early this winter Oldsmobile’s 
Turbo-Rocket V-8 will use water-alcohol injection, turbo-su- 
percharging and a 10.25:1 compression ratio to produce | 
hp/cu in. displacement, and a power-to-weight ratio of 1.88 
Ib/hp. The “specially formulated Turbo-Rocket fluid” is an 
anti-detonant, a necessity with the combination of high com- 
pression ratio plus supercharging. The water-alcohol is added 
to the gas-air mixture and then compressed by the centrifugal 
blower and delivered under pressure to the intake ports. The 
engine will be used in a limited production sports car. 


CHEVROLET is producing two new engines for the medium 
size Chevy II series. The 4-cylinder, 153-cu-in. engine weighs 
360 Ib, has a 3.88 x 3.25 in. bore and stroke, and produces 90 
hp. The 6-cylinder 194-cu-in. engine, weighs 450 Ib, has a 
3.56 x 3.25 in. bore and stroke and produces 120 hp. Com- 
pression ratio for both engines is 8.5:1 and hydraulic valve 
lifters are standard. 

Both engines use cast-iron blocks, heads and manifolds with 
sheetmetal stampings for the oilpan, valve covers, and timing- 
gear covers. Similarity of the two engines is pronounced and 
many parts are interchangeable. 
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FORD Fairlane-Falcon series will offer a new 221-cu-in., 
lightweight V-8 as an optional power source. The cast iron 
engine features overhead valves, external counterweight crank- 
shaft balancers, hydraulic valve lifters, and a die-cast alu- 
minum front cover with an integral water pump using a plastic 
impeller. The stud-mounted rocker arms, which simplify 
valve lash adjustments, are used to actuate the overhead 
valves. The cast, malleable-iron arms improve sound deaden- 
ing and have desirable lubrication retaining properties. Pro- 
duction of the rocker arms require only three operations, 
casting, coining and drilling an oil hole before final assembly 
in the engine. 





Should the US go metric? 


Not long ago, this question was academic; now conversion 
is a possibility. And engineers are assessing 
the costs and problems. 


A serious movement is afoot within 
government to consider compul- 
sory shifting of the US to the metric 
system. A House Subcommittee on 
Science and Astronautics, under chair- 
manship of Rep. George P. Miller 
(D-Calif), recently approved a $500,- 
000 appropriation for a comprehen- 
sive three-year study of the costs, 
financing and returns from shifting to 
the simpler measurement system. 

At present the bill is snagged on the 
opposition of Rep. H. R. Gross (R- 
lowa). Though Gross does not oppose 
the metric system, he is against spend- 
ing money for further studies. Despite 
his opposition, Washington pundits 
predict the money will be forthcoming 
this session or next. 

Before approving the appropriation, 
the House subcommittee invited Dr 
A. V. Astin, Director of the Bureau 
of Standards, and other specialists in 
measurement to testify. Dr. Astin’s 
agency had written a report urging 
creation of the study committee. The 
report notes that 80% of the world’s 
population, accounting for 60% of its 
trade, now uses the metric system. 
Failure of the US to adopt the system, 
says NBS, may impede our foreign 
trade. NBS also found that some in- 
dustries, including chemicals, and 
pharmaceutics in particular, are al- 
ready making the shift on their own 
to a large extent. (The Canadian plant 
of Parke-Davis completed a shift to 
metric in 1953, and extended the sys- 
tem to its Detroit plant in 1957. 
Estimated Detroit cost: $75,000, 
mostly for scales). 

In industry, engineers and plant 
managers are beginning to consider 
the problems involved, and report 
mixed feelings. One engineer more or 
less sums the formidability of such a 
change with his comment, “If the US 
adopts the metric system as its stand- 
ard for weights and measures, I’m go- 
ing to quit my job and start manufac- 
turing measuring devices and pre- 
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cision tools. It’s the surest way I 
know of becoming a millionaire over- 
night.” 

His vision of a pot of gold in the 
immense job of converting billions of 
dollars worth of equipment to metric 
from the inch/pound system is per- 
haps optimistic in its timing (the tran- 
sition, if undertaken, will span an esti- 
mated 10 to 30 years), but almost 
everyone in industry agrees the cost 
will be high. 

The shift would be especially expen- 
sive for the metalworking industry. A 
General Motors source for example 
says: “If the transition becomes a 
reality, it will create the largest mon- 
ster devised. We'd have to start from 
scratch and recalibrate everything. 
Cost of such a conversion would be 
fantastic.” 


Blueprint blues 


And the cost of remaking drawings 
would also be tremendous. “The ulti- 
mate cost to the government as well 
as to industry to such a change,” says 
another dissenter from the Detroit 
area, “would stagger the imagination. 
First, we would have to change all the 
drawings not only from this point for- 
ward, but going back a number of 
years on anything that is still in use. 
Take, for example, the M-1 rifle. This 
is 25 years old. At least engineering- 
wise, we would have to remake all the 
drawings, remicrofilm and redistribute 
them. This, for a simple thing like 
the rifle, would be a prodigious job, 
but miniscule by comparison with the 
B-70, B-58 or B-52 bombers. The 
cost would be approximately 25 to 
30% of the engineering time for the 
original drawings.” 

Despite the costs, many engineers 
cautiously favor a shift to metric. They 
believe gains from greater simplicity 
of the system and compatibility with 
most industry in the rest of the world, 
and elimination of frequent conversion 
between science and engineering labs 


here would earn back dollars spent in 
conversion. 

Typical of this view is the comment 
of an engineer in a West Coast nuclear 
manufacturing division of a large 
company: “We have been watching 
the system for a long time,” he says, 
“and are glad to see it get this far. 

“Our lab could be converted tomor- 
row, because we already use the metric 
system there daily. However, it would 
be a different situation in manufac- 
turing. The single deterrent to switch 
over is the cost of converting tools. 
Because our basic drafting data is al- 
ready in terms of metric system, it 
wouldn’t cost much in that depart- 
ment. There will definitely be a pay- 
back in this industry, but we are not 
sure of its period.” 

And William M. Allen, president of 
Boeing says his company recognizes 
“that American industry will be handi- 
capped and will have increasing diffi- 
culty competing in the world market 
unless a standard measuring system is 
first adopted on a worldwide basis. 
The initial expense and general con- 
fusion involved will create severe eco- 
nomic impact on all industry. But the 
sooner the change is made, the easier 
and less costly it will be.” 

Many engineering leaders in indus- 
try note that the growing complexity 
of equipment requires that conversion 
be undertaken immediately or not at 
all. Some say it’s already too late. 

The director of engineering for a 
major tool builder in the midwest 
wishes we had started to convert 50 
years ago. “We'd be sitting back re- 
lieved now,” he says. But now it 
would take a long time to be educated 
and re-educated and to educate all the 
people who handle tools. In the long 
run there’s probably not enough ad- 
vantage to offset the cost of such a 
changeover. Many factors would be 
affected: we have a tremendous inven- 
tory in tooling and we furnish repair 
parts for old tools.” 
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The manager of engineering for the 
electronic division of a company mak- 
ing machine-tool controls says his com- 
pany is “going into more automation 
and complexity.” The situation is al- 
ready bad, but imagine what it will 
be like in a few years when a change 
in the measurement system will mean 
major redesign in tool control.” 

He favors conversion but concedes 
that change-over to the metric system 
would impose less hardship on the 
electronics industry than metalwork- 
ing. His company had less capital in- 
vested in production equipment, and 
in many cases, already uses the metric 
system. “Frequently when we are 
concerned with small items we use 
‘cgs’ and for large, ‘fps’. Often when 


consulting catalogs pertaining to bor- 
derline sizes, we have to convert when 
referring to different catalogs. 


Compromise measures 

In preference to full metric scale, 
some companies prefer shifting to the 
decimal inch. Here again, there is 
sharp alignment of pro and con feel- 
ings. One West Coast engineer says 
“our department is very much con- 
cerned over another proposal often 
made in conjunction with the metric 
switchover—to go to an intermediate 
system, the decimal inch. As far as 
we are concerned that would only in- 
troduce a third system and a second 
changeover, and would be entirely un- 
necessary. We would like to see it 
defeated immediately lest it hamper 
the basic proposal: a direct switch to 
metric system.” 

A midwest machine-tool builder, on 
the other hand, holds that the compro- 
mise proposal of swinging to the deci- 
malized inch “gives many of the ad- 
vantages of conversion without the 
severe dislocation. Many manufac- 
turers are doing that,” he says, “and 
they report the upheaval is not nearly 
so prohibitive. It would not require 
thread form changes. It eliminates 
fractions, and makes more sense.” 

From the same area, an engineering 
manager for production of aircraft 
parts agrees that dividing the inch into 
thousandths, is an adequate compro- 
mise. “It'd be even better if our foot 
was divided into 10’s” but feels the 
compromise serves the purpose with- 
out the dislocation and high cost. 

The greatest problem now foreseen 
concerns tolerances. Conversion would 
call for “sweeping studies to find out 
how finely to divide the millimeter, 
the chief of the engineering division 
of Food Machinery and Chemical in 
San Jose, Calif predicts. “Engineers 
would have to decide how much tol- 
erance is needed and where, so they 
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“. . . We are at a disadvantage by not 
using the system of measurement that 
most countries use”: Dr. A. V. 
Astin, director, National Bureau of 
Standards. 


would not carry the decimal point too 
far in places where less tolerance 
would do.” He notes also that engi- 
neers working with the decimal inch 
tend to think in “lighter” terms. A 
measurement of 41% tends to be trans- 
lated 4.4 in. because of natural ten- 
dency to round off figures. Thus, he 
predicts subtle changes in design and 
basic concept could be brought about 
by such a changeover. 


Acclaim from abroad 


Industrial nations in Europe and 
Asia, who now use the metric system, 
feel a shift to metric here is long over- 
due. They acclaim the proposed study; 
they hope change will be forthcoming 
(even hope Kennedy will put his pres- 
tige behind it) but hope is realistically 
tempered with realization of the costs. 

In Italy, the pound/inch system is 
somewhat less mistifying than it is in 
some other countries such as France 
where much of the trade in industrial 
goods is with other metric nations. 
Italy has acquired most of her indus- 
trial equipment from the US and many 
firms have special offices to translate 
US blueprints—an accepted but, never- 
theless, exasperating addition to costs. 
Still, many Italian industrial leaders 
predict further expansion of trade with 
the US should we go metric. One area, 
they cite is electric motors. Those 
made in the US are considered tops, 
but can’t be widely used in Italy. 

Officials of the Centre National du 
Commerce Exterieurs in France predict 
more trade between the US and France 


if both were on the metric system. 
(Even soft items like household rugs 
present conversion problems, they say.) 
The French also cite frequent in- 
stances of production holdups lasting 
several months when US designs are 
licensed to French firms. US com- 
panies with branches there also report 
expense and delay in converting to 
metric—one electronic company says 
three draftsmen have been working a 
month on plans, but haven't gotten the 
first set completed yet. 

But where components are included 
from the US and England, the French 
adapt to the inch/pound system. The 
Caravelle jet, for example, uses both 
millimeter and inches in its drawings. 
The airframe, produced in France, is 
dimensioned in the metric, but jet en- 
gine mountings, hydraulic system com- 
ponents and landing gear are dimen- 
sioned in inches because these com- 
ponents come from the US or Britain. 

Engineers in Germany rank tech- 
nical cooperation between the conti- 
nent and English-speaking world very 
high because the English language is 
a widely accepted medium of thought 
communication. But they say com- 
munication could be even closer if 
Britain and the US accept the metric 
system. 

On the military side, there has been 
considerable interchange of designs 
for tanks, aircraft and other equip- 
ment for the NATO forces—all re- 
quire an army of converting techni- 
cians when they cross metric bound- 
aries. Communications in and out of 
various NATO headquarters have to 
contain information in both English 
and metric. This adds to the time loss 
and often slows production. 

In Britain meanwhile there is a 
strong body of opinion pressing for 
adoption of the metric system. Pro- 
ponents feel they could gain enough 
additional support to force legislation 
if the US were to change. In 1960 a 
survey covering 87% of industry 
showed 84% of respondents favor 
Britain’s adopting metric weights and 
measures, but 65% wanted no action 
unless the Commonwealth and the US 
follow. Close cross-licensing links be- 
tween the US and Britain would be a 
powerful stimulus. 

Britain’s adherence to the inch 
pound has been called one more in- 
stance of Anglo-Saxon insularity and 
egotism, but most observers say it 
hasn’t really hurt trade. They point 
out that Germany, a metric country, 
is finding a large market for machinery 
in the US, an inch/pound country, 
even though Germany is in direct com- 
petition with Britain, another inch 
pound country. 
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Specially designed buoy will 


Map Lake Michigan’s flow 


Engineers want data so they can make better use 
of our mid-continental water resource. 


BRUCE CROSS, Chicago news bureau 


T present relatively little is known 
about the temperature and current 
patterns of the Great Lakes. Yet such 
information is vitally needed to con- 
trol pollution and make best use of 
the water resources in this basin. 

To overcome the information gap, 
the Public Health Service is embark- 
ing on a long-range, data-gathering 
program that will cost some $500,000. 
Key to the program are two types of 
specially-designed instrument buoys— 
one to collect deep-water information; 
the other, information from water up 
to 100 ft deep. 

At first the buoys will blanket the 
southern end of Lake Michigan; later 
they will be moved to other parts of 
the Great Lakes. The data the buoys 
collect will be used to construct a 
mathematical model of the lakes. It 
will predict where currents carry de- 
bris or other polluting agents, and 
how much debris can be safely 
dumped into the lakes. 


| 


Antenmea-- 


l--Antenna spor 


The first model of the $25,000 deep- 
water buoys is being readied for a 
shake-down dunking this September. 
It will contain 700 Ib of batteries, a 
punched tape information recorder, 
and programmer, and a radio trans- 
mitter and receiver. 

Later models may replace the bat- 
teries with a 50-lb fuel cell now being 
developed by an electrical company. 
With the cell the buoy will have a 
self-contained power package to last 
the winter when heavy ice prevents 
maintenance by ship. 

The instrument buoy will be an- 
chored 35 ft below surface by a poly- 
propylene cable. The cable will carry 
three Savonius current meters, at- 
tached at various depths. The Sa- 
vonius current meters can detect wa- 
ter movement as small as 0.01 fps 
(about 7 mi per 1000 hr), are capable 
of measuring current directions even 
though the instrument case turns in 
the water. Fixed directior. reference 


Navigational hght—_ 


Antenna bvoy—__ 
~ 
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is provided by a small magnetic com- 
pass in each meter. 

The punched tape information re- 
corder in the instrument buoy stores 
all data obtained by the meters. It 
has six information channels (two for 
each meter) and one programming 
channel. As water currents turn the 
meters, electrical counters total the 
number of turns. These turns are 
punched into the tape each hour and 
are added so that the hourly total 
represents the total number of turns 
since the buoy was anchored. 

Once an hour, the radio transmitter 
turns on for a few seconds to broad- 
cast total number of turns and direc- 
tion of the current. Shore stations 
pick up the broadcast and convert the 
information to punched tape for com- 
puter analysis. After each burst of 
data transmission, the buoy’s radio 
receiver is turned on, so shore sta- 
tions can interrogate it for any specific 
minute-to-minute data. 

The shallow water buoys will lie 
at lake bottom. They will have two 
Savonius meters supported by a rigid 
spar. A special system of weights and 
flexible couplings will allow the an- 
tenna to bend in water, preventing 
damage which often occurs to rigid 
structures. The biggest operating prob- 
lem for both shallow and deep water 
buoys is expected to be’ winter ice. 

Eventually, weather satellites like 
Tiros may aid the program by showing 
what’s happening on the water sur- 
face while the buoys are recording 
subsurface events. Photographs of 
cloud formations above the lakes and 
wave patterns on the lakes could be 
correlated with deep temperatures and 
currents to improve accuracy of the 
mathematical model. 


Both deep and shallow water buoys with 
modified Savonius current meters will be 
used to gather information about water 
currents in the Great Lakes 
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ONLY 8 OUNCES 


ONLY 
250” WIDE 
il 


Sa 


one-piece, bronze | 
snap-over separator----> \ 


On the heels of a 500% sales increase... 
Kaydon reduces Reali-Slim bearing 
"off-the-shelf" prices additional 24% 


90 sizes—4" to 12” bore— 
1/4" to 1’ width and cross-section 


Due to advantages made possible by greater sales and in- 
creased production efficiency, Kaydon now passes along 
another price reduction on “‘off-the-shelf’’ Reali-Slim Type 
CP Bearings. This new price cut (up to 24%) has been 
made in addition to reductions up to 76% a year ago. 

Save on bearing cross-section and weight—Reali- 
Slim is the world’s thinnest radial ball bearing. Many 
sizes of type “CP” are less than 15% of the weight, 
34% of the width and cross-section of comparable, 
extra-light bearings. 


Vly oe KAYUUN 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . . 





Type “CP” with new one-piece, bronze snap-over 
separator — Major applications include machine 
tools; farm, textile and paper machinery; printing 
presses; pumps and gear boxes; missiles, aircraft and 
radar; gun turrets and dozens of related installations. 

Kaydon bearing engineers are prepared to give 
you valuable help with technical applications of 
thin-section bearings. 


New “CP” Reali-Slim bearing bulletin 
includes prices — gives you full details 
on these 90 sizes of Reali-Slim bearings 
with Conrad deep-groove, ball-radial con 
struction. Write for your free copy today 


ENGINEERING CORP. 


“MUSKEGON, MICHIGAN 
. Taper Roller 


Roller Thrust ¢ Roller Radial « Needle Roller * Ball Radial « Ball Thrust * Four-Point Contact Bearings 
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F of this ne y Admiral refr 
Jin one piece from a single 
ARON high impact polystyrene: 
$ are eliminated, color is built 
ht, production time and costs 4 
atically. reduced. For-the-manulas 
turer, STYRON has excellent heat fab ca! 
n characteristics, is vacuum formed te 
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helf support grooves as integral parts 
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or impact strength, food acid resistant 
n't chip, peel or rust. eh 
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Styron ... high impact Dow polystyrene 


streamlines production in deep-draw, vacuum-forming operation for Admiral 


The Styron® high impact polystyrene liner in Admiral Sales Corporation’s new nine-cubic-foot apartment- 
size refrigerator cuts production time by 90% and up-grades quality and product appearance at the 
same time. This new concept in thermal forming offers designers and fabricators unlimited opportunities 
for deep-draw, one-piece components. 

Using a new rotary vacuum-forming machine, and fifteen pounds of high-impact Styron 475B, Admiral 
deep-forms a one-piece refrigerator liner 4644” high x 2334” wide x 20'%2" deep in two minutes! Contrast 
the half-hour total production time and the reduction in float quantities required in this operation with 
the five hours’ total production time and twenty-two pounds of material required to fabricate the 
previously used liner. 

The finished design: a smooth, food acid 
resistant liner with built-in color that won’t 
crack, chip, or rust... with no joints... and 
with more efficient insulating qualities. 

Formed into the liner are the crisper rail, two 
shelf supports, grooves, a two-position a stabilized panel, extruded of Styron Verelite*, enables this K-S-H 
freezer drawer slide rail, and four bosses for ghting fixture to provide a low brightness controlled light. 


mounting the evaporator. 

The unusual size of Admiral’s one-piece | 
vacuum-forming operation opens the door to a 
deep-drawn designs of even larger and more 7 = * aa 
complex shapes. May we add our experience ’ j ny 
to yours to help solve a design problem?  ——— 


; , é, ; , Transistor radio-phono combination by Wastebasket by Rubbermaid uses 
Drop us a line in Midland, Attention: Plastics Bell Products is enclosed in case of Styron* flexible, chip-resistant, easy-to- 
for good impact strength and brilliant clean Dow medium density poly- 


Sales Department 1721DZ10-2. color styling. ethylene. Letter tray of Styron. 


THE DOW CHEMICAL COMPANY <> Midland, Michigan 
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NEW COMPONENTS 














Quick release fastener .. . 
is a wedge or keystone shape all-nylon 
nut designed so that when it is turned 
90° in access slot, ramp-shape ends 
smoothly ride up on plate face, se- 
curely drawing plates together. Quar- 
ter-turn engagement is halted by stops 
molded into central base. Requires no 
special tools or secondary operations 
to install, and because fastener is es- 
sentially a_ self-locking nut, tension 
between plates can be adjusted at any 
time by tightening or lossening screw. 
For disengagement, fastener is rotated 
back 90° to its entry position. Hole 
molded through center of fastener is 
unthreaded and has an ID smaller than 
either a coarse or fine-threaded screw 
for a specific size. Clamping strength 
of plastic locking base is said to exceed 
comparable steel fasteners. Can be 
used on curved surfaces with radius 
in excess of 4 in. Available in #6, 8 
and 10 sizes, with former two accom- 
modating sheet thicknesses from 0.050 
in. up and latter from 0.060 in. up. 
Grip range is determined by length of 
screw selected. Prices include: #6, 
$7.60 per 100; #8, $8.20 per 100; and 
#10, $8.80 per 100. Elastic Stop Nut 
Corp of America, 2330 Vauxhall Rd, 
Union, NJ. 

Circle 300 on Reader Service Card 


Solid state time delay .. . 
is suitable for use from several sec to 
15 min. Has wide applications as se- 
quencer, time delay relay and auto- 
matic cycling switch. Standard oper- 
ating voltage is 18 to 28 v de. Crane 
Electronics Co, 4345 Hollister Ave, 
Santa Barbara, Calif. 

Circle 301 on Reader Service Card 


Proximity limit switch . . . 

has hermetically sealed contacts of 
the reed switch type combined with a 
magnetic assembly encapsulated in an 
epoxy compound. Actuated without 
physical contact. When an object of 
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magnetic material is brought within 
sensing range of switch, a change in 
flux pattern within switch causes con- 
tacts to either open or close. When 
magnetic material is removed from 
sensing area, flux pattern within switch 
reverts to its original state causing 
contacts to open (normally open 
switch) or close (normally closed 
switch). With sensitivity of 4s to % in., 
switch is said to have sufficient ca- 
pacity (50 v-amp resistive) to operate 
small industrial relays, counters and 
signal lamps. Can be used for count- 
ing cans and other magnetic objects, 
machine control, alarm, signals, etc. 
Available with either normally closed 
or normally open SPST contacts and 
in three case styles: molded epoxy, 
sheet aluminum and molded to cover 
plate of 2-in. conduit fitting. Switch 
measures 234 x 1 x 12 in. Priced from 
$18 to $22.50, with delivery of small 
quantities within | wk. Deshautreaux 
Engineering Co, PO Box 261, Kenner, 
La. 

Circle 302 on Reader Service Card 


Process programmer . . . 

is a one-knob controller of multiple, 
sequential functions. Knob turns a 
camshaft through 360° and a 
of cams acts in predetermined se- 
quence upon pneumatic valves or mi- 
croswitches that control remote 
vices. Any combination of valves and 
switches can be arranged, and more 
or fewer than eight stations are avail- 
able on request. Use of six cams allow 
256 combinations for each valve or 
microswitch. Either a valve or a switch 
can be interchangeably mounted 
at any station. Unit, suitable for test 
equipment or for startup or shutdown 
sequencing, relies on a square cam- 
shaft for positive drive. Cam _ holes 
form 8-pronged star, enabling cam 
to fit snugly on shaft in any of eight 
positions. Star wheel with eight de- 
tents 45° apart is said to assure pre- 
cise location at each of the eight knob 


series 


de- 


with 
associated 


positions. Basic assembly one 
valve, or switch unit and 
single cam is priced at $89.50. Dynak 
Inc, 325 Hollenbeck St, Rochester 21, 
NY. 
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Hysteresis clutch . . . 
rated 449 hp at 1800 rpm, delivers 
controllable torque through range of 
speeds and loads. Reported to be capa- 
ble of synchronous driving, or con- 
tinuous slip, with negligble torque 
variation at any slip differential. 
Essentially a power-dividing device, 
unit has output torque propor- 
tional to de control current. There 
is no mechanical connection between 
input and output shafts, except shaft 
support bearing. Measures 2'2 in. OD 
and is suitable for business machines, 
tape tensioning devices, recorders, ser- 
vo control systems, etc. Scanner Corp 
of America, 30595 W Eight Mill Rd, 
Livonia, Mich. 

Circle 304 on Reader Service Card 


Ff 


Nylon-insulated switch . . . 

needs only '2-in. mounting clearance. 
Rated 6 amp, 125 v ac, the slide switch 
consists of a nickel-plated steel case 


permanently attached to a _ nylon 
molded base. Measures 1% x 12 x 12 
in., excluding trigger. Terminals are re- 
cessed within nylon base in individual 
barrier channels which lengthen “creep- 
age” paths and prevent accidental con- 
tact between terminals. Available cir- 
cuits include SPST and SPDT. Molded 
phenolic actuating triggers are avail- 
11 coiors and in heights of 
and 43 in. Price of SPSI 
unit without optional nylon termi- 
nal shield is about 10¢ each in 
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Your Firestone Technical Service Man shapes 


rubber compounds for everything... 


O) from 


@ electrical 
tapes 















































S 


‘ 


to molded shapes 


Need an electrical tape that won’t crack or curl in cold? Or 
molded “third rail’? guards to isolate high voltage? Your 
Firestone Technical Service Man can supply the answers— 
and he has solutions for thousands of other design problems 
involving rubber, too. He’ll create compounds that defy 
solvents, oils and acids, stand up to wear and abrasion longer 
and resist aging. Your Technical Service Man can engineer 
compounds that combine these and many other qualities, 
even devise rubber that replaces more expensive materials 
you may be using in your product now. And he can put 
Firestone’s fabricating facilities to work to carry the job 
through—in the volume you want, at a price to fit tight 
budgets. More information? Simply fill out and mail the 
coupon—without obligation, of course. 

Copyright 1961, The Firestone Tire & Rubber Company 


Firestone 


Rubber & Latex Products Company 


Fall River, Massachusetts 
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WITHOUT OBLIGATION, WE'D LIKE TO FIND 
OUT WHAT FIRESTONE’S TECHNICAL SERV- 
ICE MAN HAS TO OFFER US. 


FMR-FR15(3) 


Name and Title 
Company 
Product Manufactured 
Address 
FIRESTONE 


UBBER & LATEX City 
PRODUCTS CO. 


Box 2290, Fall River, Mass. 


State 





CIRCLE 75 ON READER SERVICE CARD 75 





NEW COMPONE NTS continued 





quantities of 10,000. Delivery within 
3 wk. Electronic Components Div, 
Stackpole Carbon Co, St Marys, 
Penna. 

Circle 305 on Reader Service Card 


Hydraulic circuit tester . . . 
is a 5 x 6 x 8-in. instrument that can 
pinpoint hydraulic system problems in 
a matter of minutes. Weighing 20 Ib, 
unit incorporates flow, pressure, tem- 
perature gages and a load valve for 
use in any position on hydraulic equip- 
ment. Hydraulic troubles show up as 
a drop-off in gpm on the flow gage, as 
working pressure is developed with the 
load valve. Trouble then is isolated to 
pump valve or cylinder by taking flow, 
pressure and temperature readings on 
various sections of the circuit. Instru- 
ment’s flow gage has 0 to 10 gpm and 
6 to 30 gpm ranges. Pressure gage in- 
dicates loads up to 3000 psi and tem- 
perature gage records from 20 to 240°. 
Schroeder Bros Corp, McKees Rocks, 
Penna. 

Circle 306 on Reader Service Card 


Externally adjustable relief valves 

are available in cartridge construction 
or with integral bodies in either of two 
pressure ranges—30 to 200 psi and 
3000 to 4500 psi. Latter reseat 90% 
of crack pressure. Cartridge valve, 


76 


which can be installed in a single body 
or in a multivalve manifold, simplifies 


| circuitry and can be removed without 


disconnecting lines. Handknobs are 


| provided for setting pressure to meet 
| system requirements. 
| dized or hard-coated aluminum alloy 


Made of ano- 


and passivated stainless steel, valves 
function in temperatures of from —35 
to 275 F. Low pressure model is 
nominally 5% in. long over-all (in- 
cluding handknob), 3 in. high and 
2% in. wide. High pressure unit 
measures approx 5% x 2% x 2 in. 
Fluid Regulators Corp, 313 Gillette 
St, Painesville, Ohio. 

Circle 307 on Reader Service Card 


Indicating temperature controllers 
with front-panel control settings and 
servo-controlled indicating dials, use 
a precision Wheatstone bridge circuit 
with a choice of four control modes 
covering complete range of tempera- 
ture control from on-off through pro- 
portional and 3-position operation. 
Includes fail-safe resistance sensing 
elements and have temperature ranges 
from —300 to 2000 F. Available in 
three indicator types: indicator only; 
indicator only for multi-point use; 
and indicator for multi-channel con- 
trol use. Front access to all elements 
is possible by unlocking hinged front. 
Price range is from $185 to $250. 
Electronic Processing Corp, 436 
Bryant St, San Francisco. 

Circle 308 on Reader Service Card 


Limit stop . . . 

for use in apparatus requiring a posi- 
tive mechanical stop at end of a given 
rotation, measures only % in. long and 
permits settings of from 0 to 100 
turns. Hardened pins which make 
radial contact allow for precise stops 
without binding. Impact speed is 
1/5 the input speed. Can be mounted 
close to motor or high speed end of a 





gear train where loads are lightest, 
prolonging unit’s life. Includes ball 
bearings and is constructed through- 
out with corrosion-resistant materials. 
Dynamic Gear Co Inc, Amityville, 
NY. 

Circle 309 on Reader Service Card 


Incandescent lamp .. . 
is a rugged, 6-w bulb only % in. dia 
and 1 ys in. long, including candelabra 
screw base. Expected to make pos- 
sible further miniaturization of pilot 
light assemblies. Two separate 3-w, 
low-voltage coiled tungsten filaments 
are connected in series to give lamp 
max sturdiness. Instead of usual one- 
filament mount construction, lamp 
uses two mounts, one to support each 
filament. Produces 36 lumens and 
can be used effectively with lenses of 
all colors in dial light or other indi- 
cator applications. Voltage rating is 
125, giving bulb an average life of 
1500 hr. Priced at 95¢. General 
Electric Co, Nela Park, Cleveland 12. 
Circle 310 on Reader Service Card 


Multiturn potentiometers .. . 
available in both 3- and 10-turn 
models, are 5 to 600 k-ohm units 
measuring 1%4 in. dia. Have one-piece 
molded housings of Durez mineral- 
filled plastic, said to provide outstand- 
ing dimensional stability. Integrally 
molded, cadmium-plated brass mount- 
ing brushings on front lid not only 
strengthens unitized body but keeps 
precision-ground, stainless steel shaft 
permanently aligned. Units have up 
to 135 tap positions and resolution 
down to 0.004%. Duncan Electronics 
Inc, 2865 Fairview Rd, Costa Mesa, 
Calif. 

Circle 311 on Reader Service Card 


Ball valves .. . 

are designed for socket or seal weld- 
ing in pipe lines. Available in sizes 
% to 2 in. in carbon or alloy steels 
for pressures to 1500 psi and tem- 
peratures from —40 to 400 F. Ball 


continued, page 78 


PRODUCT ENGINEERING + OCTOBER 2, 1961 





Four simple steps @® 
to contact changeover 


Total time—not more than 60 seconds 





> 


N.O. to N.C. (or vice versa) 
in 60 SECONDS! 


You’ll be truly amazed at the ease of converting the con- 
tacts on these Allen-Bradley Bulletin 700 Type BR 
relays. Using only a screwdriver, as shown above, the 
contacts can be changed from N.O. to N.C. (or vice 
versa) in four easy steps—that take only 60 seconds! 
Such convenient flexibility is a ‘natural’ for reducing 
relay inventories. 

The Type BR relays are built to provide many mil- 
lions of trouble free operations. With the built-in per- 
manent air gap, magnetic sticking is impossible. And 
the molded coil is impervious to all harmful atmos- 
pheres. Of course, the double break, silver contacts 
never need attention. If you use relays, there are money 
savings for you in the Type BR relay line! 


Member of NEMA 


AUXILIARY 
CONTACTS 
EASILY ADDED 


Type BR relays are available with 2, 3, 4, or 6 poles— 
but as a valuable bonus, one or two fully rated poles 
can be added to the base of each relay—even in the 
field. It's a simple addition that takes only moments. 


QUALITY 


ALLEN-BRADLEY | woror 


CONTROL 


Allen-Bradley Co., 1329 S. First St., Milwaukee 4, Wis. © In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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seal and stem packing are Teflon. 
Body joint is seal welded, eliminating 
body gasket. Stem packing can be 
adjusted in the field with a hand 
wrench, and entire stem packing as- 
semly can be disassembled without 
removing valve from line. Pacific 
Valves Inc, 3201 Walnut Ave, Long 
Beach 7, Calif. 

Circle 312 on Reader Service Card 


Insulated stand-off .. . 

is self-clinching. Made of Delrin with 

retainer of steel, stainless steel or alu- 
SELF-CONTAINED J.1.C. POWER = " 7 
UNITS SERVING UNIVERSAL SPIDER : J minum. Aluminum type can be 
TRANSERR HASHINE OUILY SY : mounted in materials with Rockwell 
DRILLUNIT, INC., DETROIT 

hardness of B-50 or less; steel and 


— = 4 stainless steel types, B-70 or less. Has 
1X 1 Zz self-locking feature for attaching 


screw and is available in lengths from 


¥Y% to 2 in., thread size 6-32. Spyraflo 


‘ | Inc, Sub of Penn Engineering & Mfg 
Corp, Drawer E, Miami 64, Fla. 
: Circle 313 on Reader Service Card 


FURNISH MUSCLE FOR 
5 TRANSFER OPERATIONS... 
WITHOUT A PALLET 


i 
t wowseee 


“This is the first time that a spi- 
der for a universal joint has been 
machined in direct transfer of the 
part itself rather than by pallet trans- Y : Tube fitting ... 

fer,” says William Defibaugh, Vice provides leaktight seal on polyethy- 
President and Chief Engineer of Drill- lene tubing of all wall thicknesses 
unit, Inc. The new unit is only half the . 


size of any previous spider transfer ma- brass body with Zytel ferrules and a 
chine. Clamping and unclamping the spi- . ‘ 


der are governed by 5 racine Model 4FA brass, tae ye aera gr -_ 
Pumps, each one a self-contained power unit nut permits use Of & wrench if Ce- 
with its own reservoir. A sixth 4FA unit con- ‘J sired. From stock are sizes for “~, 
trols movements which turn, probe and transfer and %-in. OD tubing. Crawford Fit- 
the part from station to station. To complete the ting Co, 884 E 140th St, Cleveland 
hydraulic package, 24 racine Model Q Pumps 4 10. 

serve the standard self-contained drill units. R. S. Circle 314 on Reader Service Card 
Naeyaert, President, adds, “racine flexibility in 

delivering pressurized oil in variable volume at 

varying pressures make it the ideal choice.” 


without use of inserts. Consists of a 


Motorless paper tape punch .. . 
: : . perforates any 5-, 6-, 7- or 8-hole 
Racine Hydraulics & Mac inery, Inc. tape at rates up to 20 characters per 


Woy Sa Sea &, WISCONSIN sec. Has no motor, clutches and in- 
HYDRAULICS DIVISION continued, page 80 
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Shown here is an institutional and dinette chair from the Howell Company, St. Charles, Illinois... and its 
tough, long-wearing contour seat made of MARLEX. The seat is available in a wide choice of colors. 


Contour Seat of MARLEX’ Improves Styling, 
Comfort and Utility of Howell Chair 


The Howell Company has economically up-graded 
their popular institutional and dinette chair with a new 
seat molded from high quality, high density MARLEX 
plastic. This one material—MARLEX—has replaced 
previously used seats made of formed steel . . . and 
plastic sheet over padded wood. 

The result is a seat that offers a new combination of 
comfort and durability . . . won’t crack, dent, chip or 
rust . . . resists staining, water and most chemicals. In 
addition, MARLEX provides permanent molded-in 
color and a textured surface that resists soiling . . . 


never needs painting or recovering, and is easily cleaned. 
Furniture components and parts molded or formed 
from MARLEX improve product performance and in- 
crease sales appeal at an economical cost. MARLEX 
items are lightweight, virtually indestructible . . . re- 
sistant to acids, alkalies, greases, fungi, corrosion . . . 
and possess a wide usable temperature range (—180°F 
to 250°F). And MARLEX can be molded, thermo- 
formed, extruded . . . items can be welded, machined, 
fastened, printed upon—never need refinishing. 
*MARLEX is a trademark for Phillips family of olefin polymers. 


For more information, see your plastic fabricator... or contact us. 


PHILLIPS CHEMICAL COMPANY = 


Bartlesville, Oklahoma 


MARLEX 


PLASTI 


A subsidiary of Phillips Petroleum Company 








Drecision Engineered- 
Performance Tested 


PERFECTION 


Worm Gear 


We make a complete line of stock gears. Send for Gear catalog No. 360. 


avo 0 


AMERICAN STOCK GEAR DIVISION 


PERFECTION GEAR COMPANY 


One of our major capabilities is to design, develop 
and produce speed reducers that will insure maxi- 
mum performance and economy in your operation. 
Our experience in the special problems and objec- 
tives of power transmission is broad and deep. The 
men at American Stock Gear having this impor- 
tant capability, use the most advanced analytical 
engineering facilities to design speed reducers to 
meet tomorrows needs. 


Whatever size or style reducer you need, you'll find 
the right combination in the complete Perfection 
line — a line that is precision engineered and per- 
formance tested in thousands of different applica- 
tions. 


If you have a reducer problem that you feel is 

“different’’, our engineers are ready to advise, de- 
sign and produce speed reducers to your 
particular requirements. In the mean- 
time, write for your copy of our Re- 
ducer catalog containing illustrations, 
charts and tables to help you on your 
next application. 


HARVEY, ILLINOIS 


80 CIRCLE 80 ON READER SERVICE CARD 


NEW COMPONENTS 





terposers, but is solenoid actuated. 
Restoring bail assures positive return. 
In standby operation, no parts are 
in motion and no current is drawn. 
Available in three styles: cabinet for 
bench or desk use; without a back 
cover for OEM mounting; and with 
a 19-in. front panel for mounting in a 
standard relay rack. Basic model is 
priced at $495, with delivery in 90 
days. Invac Corp, 14 Huron Dr, 
Natick, Mass. 

Circle 315 on Reader Service Card 








Pointed hitch pin . . . 
is for temporary or interchangeable 
hitching of parts, tools, assemblies, 
etc. without cotter pins and other 
locking devices. Pointed and helps to 
properly align the two holes, and large 
head allows for quick removal. Fur- 
nished in most sizes with one or 
several locking points positioned 
where specified in body of pin. Body 
is of cadmium-plated steel; working 
parts, stainless steel. Rein Leitzke, 
Dept HP, Hustisford, Wis. 

Circle 316 on Reader Service Card 


Front connected relays .. . 

enclosed in small glass cases, are used 
as fault detectors to supervise main 
protective relays or to prevent damage 
to motors from high current or low 
voltage under abnormal conditions 
where time-delay relays would not 
operate fast enough. Supplied for 
either dc, or 50- or 60-c ac service 
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You produ... 


FOR YOUR POWER DRIVE 
DESIGN * APPLICATION OR REPLACEMENT MAINTENANCE 


SPECIFY FeeJ CYLINDERS... 


From its blueprint stage to its 
maintenance engineering re- 
quirement sheet, your product 
will assure MORE power drive 
precision and service, if T-J 
cylinders are specified. T-J’s 
complete line too, from the 


eines were 


Spacemaker to the new re- 
Placeable Squair Head, can 
be the answer to any power 
problem. Write or call The 
Tomkins-Johnson Company, 
2425 W. Michigan Ave., Jackson, 
Michigan, today! 


a 


TOMKINS-JOHNSON | 


RIVITORS...AIR AND HYDRAULIC CYLINDERS... CUTTERS... CLINCHORS 
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Now for the first time Perkins 
offers a complete line of stock 
spiral bevel gears with preci- 
sion quality to help you get 
maximum savings in tooling 
expense and gear cost. When 
you're planning for spiral bevel 
gears, design your requirements 
around this Perkins 

stock line . . . 

it can pay 

you well. 


Perkins stock spiral bevel 
gears have soft bores and may 
be reworked to a maximum 
diameter. The gears are 
matched in pairs and lapped 
together after hardening for 
smooth running. In many 
cases these gears are available 
in left and right hand drives. 
This new line of stock gears 
includes the most commonly 
used ratios and sizes propor- 
tioned according to the 
Gleason Spiral Bevel Gear 
System. 


PERKINS 


AVAILABLE ON 
REQUEST: 


This new folder 
includes all standard 
specifications of 
Perkins complete 
line of stock spiral 
bevel gears. Write 
for folder No. 12. 


ZRKINS 


> MACHINE AND GEAR CO. 
) WEST SPRINGFIELD, MASS., U.S.A. 





NEW COMPONENTS 





(can be used on de and 25- to 60-c 
ac without coil changeover). New 
design base makes terminals and con- 
nections to contacts and coil avail- 
able from front. Also allows flat 
mounting. Operating elements are 
instantaneous plunger types which 
provide one-cycle operation at two 
times pickup on ac. Pickup is adjust- 
able over entire range and can be set 
for specific values of either pickup or 
dropout. Stationary silver contacts 
are reversible in the field so that two 
electrically independent contacts are 
available. Each contact can be inde- 
pendently set for either normally open 
or normally closed operation. Wes- 
tinghouse Electric Corp, PO Box 
2099, Pittsburgh 30. 

Circle 317 on Reader Service Card 


Tiny pneumatic vibrator . . . 
with a reciprocating piston, has a 
0.358-in. piston bore, is 3 in. long 
and weighs 5 oz. Stroke is 0.094 in. 
and piston mass, 12.5 gm. Operates 
on 10-psi line pressure up to 80 psi 
with a frequency range between 6000 
and 18,000 vibrations per min. Rec- 
ommended operating range is 10 to 
20 psi for a low noise level. From 
stock with single-attaching head at 
$12.50 each. Branford Co, Div of 
Electro-Mechanics Inc, 130 Glen St, 
New Britain, Conn. 

Circle 318 on Reader Service Card 


Latching relays .. . 

include 5- and 10-amp electrical latch, 
electrical reset units available in a 
variety of ac and de coil voltages and 
with latching mechanisms that have 
only two moving parts. SPDT, DPDT 
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DELRIN 


In Design 
Engineering 


[ 


For ready cutting and machining, Style 8701 Delrin rod is available 
in standard diameters 1%” to 3” standard lengths 4 and 8 feet. 


GA R IL 
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NEW GARLOCK DELRIN now ready to 
help you achieve the extraordinary in 
product design. 


This remarkable new material opens 
new horizons to you for creativity, 
product improvement and production 
economy. Just lock at the unique com- 
bination of properties that make Gar- 
lock Delrin* superior in many ways to 
metals, as well as to many other widely- 
used plastics. 


® Metal-like strength and rigidity— 
high dimensional stability and fatigue 
endurance. 


®@ Resilience comparable to spring 
steel. 


® Resistance to solvents unmatched 
by most organic compounds. 


@ Abrasion resistance superior to many 
metals. 


@ Excellent electrical properties. 
® Low coefficient of friction. 


®@ Odorless, tasteless, non-toxic— 
pleasant, smooth to the touch. 


Best of all, Garlock Delrin retains 
these properties through a wide range 
of service conditions—temperature 
(—40°F to +250°F), humidity, and 
stress. 


Add, too, important Garlock “know how” 
... years of experience in the fabrica- 
tion of plastics, and unsurpassed mold- 
ing facilities. Result: a combination 
that can produce intricate shapes and 
custom-designed parts never before 
possible. Garlock design engineers can 
now work directly with you in creating 
advanced components .. . parts that 
replace other materials and do the job 
better at lower cost. 


Look to Garlock as the source for all 
your plastic needs—Teflon* (TFE and 
FEP), Nylon, Polychlorotrifluoroethy- 
lene (C.T.F.E.), and many other plas- 
tic materials. For complete information 
on what Garlock offers in the way of 
materials, facilities, and technical 
assistance, call your local Garlock rep- 
resentative at the nearest of our 26 
sales offices and warehouses through- 
out the U.S. and Canada. Or, write for 
Catalog AD-177, Garlock Inc., Pal- 


myra, N.Y. 


Canadian Div.: Garlock of Canada 
Ltd. Plastics Div.: United States Gas- 
ket Company. Order from the complete 
line of quality Garlock products 
. .. Packings, Gaskets, Seals, Molded 
and Extruded Rubber, Plastic Stock 
and Parts. 


*DuPont Trademark 
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1} USED THE XYZ 
MOLDING COMPANY 


Which “CUSTOM” Molder 
is best for ME? 


Molding your present product or new application in plastic 
or hard rubber is very often the answer to lower costs, better 
quality and faster deliveries — 
BUT — where can you find the custom molder that 
will fill your requirements? 

Although much of our competition can cite “blue chip’’ com- 
panies they have served for short periods, few can match the 
long-time, continuous, repeat business that we at STOKES 
MOLDED PRODUCTS have enjoyed from our customer list of 
America’s industry leaders. 

May we show you our references and actual job samples 
of why these firms ke#> coming back for more STOKES service? 
Write to Thomas E Wallis, General Sales Manager, Stokes 
Molded Products,”“U “eet at Webster, Trenton 4, New Jersey. 

P.S. If you want to include a blueprint or drawing 
p= with specs, we'll arrive at your office with an 
estimate you'll really likel 
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and 3PDT contact arrangements 
make them adaptable to control and 
overload applications. Nominal oper- 
ating power is 2 to 3 w for dc and 3 
to 4 v-amp for ac. Life expectancy is 
500,000 operations. | Temperature 
range, when specified, is —67 to 185 
F. Dimensions of each are 3.5 x 1.59 
x 1.62 in.; weight, 5 oz max. Elec- 
tronics Div, Elgin National Watch Co, 
2435 N Naomi St, Burbank, Calif. 
Circle 319 on Reader Service Card 


60-cps fan... 
measures slightly over 3 in. dia, 1% 
in. deep and weighs 642 oz, yet moves 
17.5 cfm under free delivery condi- 
tions. Power required under free 
delivery is 0.05 amp at 115 v; speed 
at that delivery, 3250 rpm. Air flow 
is reversed by turning end-for-end. 
Mounting is by means of servo ring. 
Venturi ring, mounting spider and hub 
are an integral aluminum casting, ano- 
dized and enameled black. Impeller 
runs on two double-shielded, stainless 
steel ball bearings. Rotron Mfg Co 
Inc, Woodstock, NY. 

Circle 320 on Reader Service Card 


Miniature decade counter .. . 

operates on only 12 v. Has red, blue, 
green, amber or gray in-plane display 
and flexible cable with printed circuit 
or amphenol connector. Frequency 
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ACCUMITE — small, easily in- 
stalled system gives positive 
measured shot of oil or light 
grease to each bearing. 


ACCUMATIC !—simple, single 
line system for oil or medium 
weight grease. Wide range of 
valve capacities. 

ACCUMATIC Ii—twin line sys- 
tem can easily handle every 
heavy grease that can be 
pumped. 

ALEMITE OIL-MIST—delivers 
air-borne oil mist to every 
bearing to lubricate, cool, shut 
out dirt and grit. 


Plan for protection as well as production... 


Modern designs and engineering plans 
aren’t complete without one of the four 
Alemite Centralized Lubrication systems. 
Available for every industrial application, 
Alemite Centralized Lubrication protects 
automatic equipment and installations — 
keeps performance up-to-date—helps give 
years of dependable service. When power- 
driven units are equipped with Alemite 
Centralized Lubrication all points that 
need lubrication get it — automatically 
and economically. Operating life is ex- 
tended. Breakdowns and excessive wear 
are minimized. Accurately measured 
amounts of lubricant are applied to pre- 


ncude ALEMITE CENTRALIZED LUBRICATION 


vent waste as well as to reduce material 
and product spoilage. 

For complete details on one or all four 
systems, write today! 


ALEMITE 


BS he | 
Only Alemite has all four Centralized Lubrication Systems... one 
of them is just right for any machine or installation you design. 


Oiviston 
In Canada: Stewart-Warner Corporation of Canada, Ltd., Belleville, Ontario »OT. iA! 
"Ln 
CORPORATION 
Dept. CC-101, 1850 Diversey Parkway, Chicago 14, Illinois 
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Gasket engineering 


THE PROPER USE 
OF SPECIFICATIONS 


Specification testing is useful as a method of quality control. But specifications alone 
do not form a sound basis for gasket selection or predicting gasket performance, since 


performance is determined by the interaction of many factors. 


A resilient gasket material that meets 
all pertinent government and industry 
specifications may still fail to provide 
a Satisfactory seal in actual service. 
At the same time, a material that falls 
short of one particular specification 
may well be the most suitable for a 
certain application. 

The reason for this is that gasket 
performance is determined by many 
factors—such as flange pressure, con- 
tained fluid, qualities of the material— 
in infinite combinations. It is impos- 
sible to set up tests which will take all 
the combinations of these factors into 
consideration. 

As a result, specifications frequently 
do not give a realistic idea of the gas- 
ket’s performance. For instance, many 
gasket specifications have rigid tensile 
strength requirements. Tensile strength 
is easily measured. Yet it usually has 
little bearing on the sealing ability of 
a material. For all practical purposes 
a gasket needs only sufficient tensile 
strength to hold its shape until it goes 
to work in the flange. 


This Armstrong-developed instrument—called 
a dilatometer—is used to study dimensional 
changes in gasket materials caused by dif- 
ferent conditions of temperature and hu- 
midity. It can detect variations as small as 
half a mil in a 12” sheet 
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EDISON POWERS 


Armstrong Research and Development Center 


This device is used by many laboratories to 
help standardize gasket testing. Developed 
by Armstrong and recognized by the National 
Bureau of Standards, it is used to measure 
indentation and recovery characteristics of 
resilient gasketing materials 


Tests for resistance to liquids are 
also unrealistic where uncompressed 
strips of gasket materials are com- 
pletely immersed in various fluids. 
Test results may show intolerable 
changes in such factors as volume, 
compressibility, recovery, and elonga- 
tion. In practice, however, only the 
edge of the gasket is exposed, and the 
effect of the fluid may be negligible. 

Other tests—ream weight and burst- 
ing strength, for example—have been 
taken from the paper industry. Again 
they are of little help to gasket users 
in selecting materials. 


Compounding the difficulties of 
selection by specification is the lack of 
standardization in test procedures and 
instruments. In the matter of com- 
pressibility alone, there are the vari- 
ables of sample size and type of pres- 
sure fvot, and the method and speed 
of loa application. 

Another difficulty with the practice 
of buying gaskets by specification is 
the fact that it may delay the discovery 
and use of new materials that will do 
the job better. Unless specifications are 
frequently reviewed, they are likely to 
be outdated. 

Gasketing efficiency can be improved 
by asking the question, “Will it do the 
job better?”, when you select a mate- 
rial rather than, “Does it meet our 
specifications?” Once you have selected 
the proper material, you can establish 
new specifications and then put spec- 
ification testing to its proper use—as a 
means of quality control to make sure 
that each succeeding shipment of gas- 
ket material has the same physical and 
chemical characteristics. 

The Armstrong Gasket Design 
Manual offers a wealth of research 
material on gasket design and selection. 
If you would 
like help in se- 
lecting a gasket 
material or es- 
tablishing new 
specifications or 
a copy of the 
manual, write 
Armstrong Cork Company, Industrial 
Division, 7110 Irvin Street, Lancaster, 
Pennsylvania. 


GASKET 
DESIGN 
MANUAL 


(Armstrong GASKET MATERIALS 
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new from Warner Electric 


1 ' WARNER 
easier mounting, ELECT aie 


greater 
torque-for-size 


Electric Ad 


Clutch 


Static torque rating—50 Ib-ft a 
— 
This new rugged and reliable Warner SF 500 electric clutch 


combines minimum size with maximum torque—up to 50 
Check the advanced design features 


lb-ft static. It offers simplified mounting (no collector rings 
of this new SF 500 clutch 


or brushholder) of the ball-bearing-mounted stationary field. 


The new encapsulated coil delivers peak reliability, longer 
life under the severest operating conditions. Minimum axial 
dimension permits installation of the new SF 500 in smaller 
space than ever before possible—yet it replaces existing 
units without reworking or machining. 


Improve your machine control economically, simply— 
with the new Warner SF 500 stationary-field clutch. It 
eliminates complex hydraulic, air, or mechanical linkages— 
gives you the simplest, most reliable control on the market 
today. Warner stationary-field electric clutches are now 
available in torque ratings from 1.5 lb-in. to 1350 Ib-ft. 
Write today for full details. 


----WWAPRPNE Fe ELEC Fel 


Warner Electric Brake & Clutch Co., Dept. PE-10 Beloit, Wisconsin 
I'm interested in the new SF 500 clutch. [|] Send me full specifications. [_] Have a salesman call. 


{ | Send data on complete Warner line of electric brakes and clutches. 


Name 





Title 





Company 





Address 





City Zone State 





Stocked by Authorized Distributors in Principal Cities Throughout the World 
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IMMEDIATE DELIVERY 


3 HEAD STYLES 


ple) 5)-) 8 5 
ACTING 


AVDEL 


emma POSITIVE LOCKING - QUICK RELEASE 
= 7.4 ee) a 


Double acting, positive locking, quick release 


Ball-lok pins with push-pull actuating head. Ta- 


pered end makes insertion easy. Safety chain is 


attached to body, not to handle, to eliminate acci- 


dental release. Especially suitable in difficult 
applications requiring extra strength, with easy 


release for quick disassembly. An extended plung- 


er is optional which provides a knock-out feature 
when necessary. Three different handle styles are 
available from stock with a wide range of diam- 


eters and grip lengths. All Avdel Pins are manu- 


factured to N.A.S. standards. 





5 HEAD STYLES 


SINGLE 
ACTING 


Avdel single acting pins provide easy insertion 
with positive Ball-lok safety and instant release 
when the release button is manually depressed 
They cannot be accidentally released. 


Ideal for joining portable units requiring fast as- 


sembly and disassembly, with positive safety 
Eliminates the use of bolts, washers, cotter keys 
and rivets. 

Five head styles are available to fit into difficult 
insertion areas, with a wide variety of diameters 
and grip lengths. These are kept in stock for 


quick delivery. Manufactured to N.A.S. standards. 








SPECIAL PINS 


You push it to insert it—pull it to release it. No 
tools necessary. 


The Avdel Detent Pin is an economical, versatile 


shear pin useable in innumerable applications. 


The solid body construction, with spring-loaded 
balls, provides quick insertion and dependable 


removal. High shear steel insures maximum per- 


formance with safety in shear applications. 


For units requiring fast, frequent assembly and 
disassembly, or where emergency release is 
necessary, Avdel Detents are unexcelled. Avdel 
Detents are kept in stock in a wide variety of 
diameters and grip lengths. 


Avdel has engineered over 3000 dif 
ferent types of special pins for unusual 
applications 

Avdel has produced remote control pins 
using many types of release such as 
solenoid, hydraulic, lanyard and others 
This engineering can help you pre-solve 
your pin problems 


WE INVITE YOUR INQUIRY 


NEW COMPONENTS 





response is 200 kc; pulse resolution, 
less than 5 micro-sec. Measures lve 
x 2% x 4% in. and weighs 6 oz. 
Priced at $98 each in quantities of 
100 and up. Delivery in 3 to 4 wk. 
Robotomics Enterprises Inc, 4624 E 
Garfield, Phoenix 8, Ariz. 

Circle 321 on Reader Service Card 


Hollow shaft differentials .. . 
are for use in computers and control 
instruments where mounting require- 
ments are restricted. Provide clear- 
ance circles down to | in. or less. 
Includes central built-in clamping, 
backlash of 8 min. or less and break- 
away torque of 0.3 oz-in. or less. 
Construction is of stainless steel ex- 
cept where aluminum spider gears are 
specified. Each unit has miniature 
ball bearings conforming to ABEC 7 
tolerance requirements. Available 
with 0.1248-, 0.1873- and 0.2498-in. 
bores in narrow and standard width 
(miter) designs. Units are precision 
balanced and can be supplied with 
end gears made from flat blanks par- 
allel within 0.0002 in. Pitch and num- 
ber of teeth for end gears can be 
selected from wide range. Instru-Lec 
Corp, 520 Homestead Ave, Mt Ver- 
non, NY. 

Circle 322 on Reader Service Card 


Oil filters ... 

provide two-stage filtration of par- 
ticles larger than 8 to 10 microns. 
This is achieved by using two layers 
of alpha cellulose. Outside layer is 
untreated and offers a pure absorb- 
ent surface with a high affinity for 
dirt, moisture and acid. It filters out 
contaminants before oil passes through 
impregnated second layer for fine 
straining. Units provide full flow 
filtration at low rates of flow. At 
high flow rates, increased pressure 


differential across filter causes a pop- 
pet valve to open. This by-pass action 


210 So. VICTORY BLVD., BURBANK, CALIF. 
TORONTO, CANADA - HERTS, ENGLAND - GENEVA, SWITZERLAND 


continued, page 97 
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3% inch I.D. Anaconda flexible metal hose lines are shown here transferring liquid oxygen to Army missile. Brazed metal hose-to- 
fitting connections are made with Handy & Harman brazing alloys. 
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Handy & Harman Brazed Connections Withstand 
Thermal Shock From Liquid Oxygen...Time After Time 


It is hard to think of a single more punishing test for a metal joint than the nearly instantaneous plunge from 
approximately 100° F to —297.4° F experienced by these brazed metal hose connections, Yet they take it time and 
again — and come back for more. 

This is part of an assembly employing Type 321 stainless steel flexible hose made by Anaconda Metal Hose to 
transfer liquid oxygen to Jupiter missiles at the Redstone Arsenal. Fittings are stainless steel, integrally bonded 
to the hose by Handy & Harman brazing alloys—EASY-FLO and EASY-FLO 35 with Handy Flux. The reasons 
for using Handy & Harman brazing alloys here make good fabricating sense no matter what the job. First, they 
provide strong, integral joints that remain strong, ductile and resistant to vibration and shock even to liquid 
oxygen temperatures and pressures where many metals become brittle. Secondly, they allowed Anaconda to 
increase burst pressure limits since there is no annealing of the base metal. In addition, they make it possible for 
Anaconda to perform joining operations with less equipment and less expense Your No. 1 Source of Supply and 

in manpower than would otherwise be necessary. aie a ee 
This is only one example of many applications of Handy & Harman brazing 
products in cryogenics and other fields of engineering to solve critical bonding 
problems which achieve fast production and operating economies. There’s a 
good chance they will do the same for you. Call or write for further informa- 
tion on how to apply brazing techniques to solve your fabricating problems. = om 
Our Bulletin 20 contains a wealth of data on silver brazing, its range of applica- HANDY & HARMAN 


tions and techniques for securing best results. Write today for your copy. 850 Third Ave. New York 22, N. Y. 
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‘the patented 





First let’s cut some of the parts of a Barksdale» 
manual valve in half so that, as we assemble 
the valve, you can see how the 
internal parts function. 


Here are two cutaway 
Seals with O-rings 
and back-up rings added. 

y The bottom surfaces of these 
hardened steel tubes are 
lapped perfectly flat. 


These surfaces are 
lapped optically flat. 


A flat lapped rotor is placed 

against the lapped surfaces of the 
Seals. The rotor has tubular 

passages for the fluid flow. A spring is 
put over each Seal to hold it in 
intimate contact with the rotor. 


Next, let’s put a shaft on 
the rotor to turn it; a ball 
bearing and a thrust 
washer under the rotor 
to make it turn easier. 


CIRCLE 90 ON READER SERVICE CARD 


Now, let's slip the Seals and springs 
in a body to hold them together. 


6% KY } Note, the Seals are 

- 7 ars" loose enough in the body 
to be self-aligning with 
the rotor, keeping the 


lapped surfaces in leak 
proof contact. 


Now we have added a cutaway housing 


to hold the rotor, shaft, ball bearing, 
and thrust washer together. Then we 
bolt the housing to the body, 
and here we 
have a completed 
leakproof 
fA Shear-Seal valve. 


Here’s what a Barksdale 
Shear-Seal’ Valve 
looks like on 


to a pump, and pipe the return 
port to a sump. Then, let's start 


Notice the unobstructed flow through 
the Seals and rotor. 























Now, let’s move the handle — 
shear the flow and see how 
the Shear-Seal' Valve gives 
its leakproof service. / 








IN SUMMARY 
“SHEAR-SEAL’ VALVES 
have long life and 
are maintenance-free because: 
as the Seal and rotor slide back 
and forth over each other with 
use, they keep lapping themselves 
and seal even tighter. 








CONTROL VALVE DIVISION 


arksdale valves 


5125 ALCOA AVENUE © LOS ANGELES 58 © CALIFORNIA 
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Your turn 


...to participate in the current problems of our profession. 


Several makes and types of valves may be labeled with the same size, yet have 
such different flow characteristics that the label is useless for comparison. To make 
a direct comparison easier many manufacturers rate their valves in their equivalent 
size of standard orifice. Then, you know that two valves rated equivalent to the 
same size orifice have the same flow characteristics regardless of how differently 
they are built or what their nominal sizes are. 

Dominic J. Lapera, design engineer at Marotta Valve Corp, Boonton, 
N. J., has devised a nomograph that solves the equation for orifice diameter 


Valve size 
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YOUR TURN continued 





D = 0.49m“/(SC*,AP)™. He has also sent along a chart for converting D into C., 
because C, is such a common flow coefficient. For this chart, the equation is 
C.= 17.9 D*. 


Conversion factors Symbols 





: A = Flow area of equivalent orifice, in.* 
To convert into multiply by 


gpm lb/see 0.1398 
ft® /sec Ib/sec 62.48 
em! /hr Ib/sec 61.3 x 10*8 





A, = Flow area upstream from valve, in.* 
Cp = Coefficient of discharge 

C, = Flow coefficient, gom/A P™* 

D = Diameter of equivalent orifice, in. 
p p — m = Rate of flow, lb/sec 














Paz = Pressure downstream from valve, psig 
P,, = Pressure upstream from valve, psig 


4P = Pressure drop across valve (P,— Pa), 
psi 


S = Specific gravity of fluid 


Flow coefficient 


w 


x10"! 
La) 


I 
8 
6 
4 
3 


x 1072 


~m 


Flow coefficient Cy, gpm/AP %2 


x 1075 
yp wb Oo © 


l 
es¢$4 68st aS @S we =e 8 4 


x 1072 x10"! x 10° 
Diameter of equivolent orifice D, in, 


For example, try this problem: What size valve will handle a 1.6 gpm flow of 
hydraulic oil (S = 0.9) if pressure drop across the valve should not exceed 40 psi? 
Solution: First, assume a Cp for the equivalent orifice. This can vary from 0.6 for a 
sharp-edge orifice to 0.95 for a smooth, well-rounded one. By choosing Cp = 0.6 


you can be sure that any valve rated equivalent to the same size orifice will be 
big enough no matter what C> it has. 
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Next, go to the conversion table to find the factor for changing gpm to Ib/sec, 
and multiply m — 0.139 S x gpm = 0.139 x 0.9 x 1.6 = 0.2. 

Draw three lines on the nomograph to find D = 0.12 which the conversion chart 
shows to equal C, = 0.258. 


In our last issue, we began a series of six lessons reviewing elementary solutions 
for ordinary differential equations. Now that we’ve recalled the terms that classify 
equations — order, degree, linearity, homogeneity — let’s look at the simplest of the 
lot: linear, first-order equations, both homogeneous and nonhomogeneous. Our 
instructor, as before, is Robert P Benedict, development engineer at Westinghouse 
Steam Turbine Div., Lester, Pa. 

Some linear, first order equations, of course, are too simple to need a special tech- 
nique. For example, we can solve 

y’ — 62? =O 
by integrating and immediately write the answer 

y = 22° + 6 
But others are not so straightforward. Here are two general forms that might cause 
you some headscratching, but their answers can be written almost as quickly as the 
example above. 

The general form of this first type of linear, first-order, homogeneous equation is 

y + F(x) y=O 
where F(x) is a function of x only. The variables in such an equation always can be 
separated, and the expression rewritten 
dy = — F(x) dz 
y 


Integrating this gives the general solution for a linear, first order, homogeneous 
differential equation 


iny=—(F(2) dz +e 


or, rearranging and replacing the constant of integration c with log. K 
— { F(z) dz 

y=Ae 

Example: Find the solution for the following equation. 
(z?—3) y+ 38ay=0 

First rewrite in the form 

3x 
z*—3 


from which it is evident that F(x) = 3x/ (x* — 3). Substitute this into the equation 
for the general solution 


y + y=0 


y = Ke78*/(#-3) 4s 
and integrate 


~3/2in(—3) __ sx 
y = Ke =e ~~ (a? — 8)8/2 
The constant K is determined from the boundary conditions of the problem 
The general form of a linear, first-order, nonhomogeneous equation is 
y + Fi(z) y= F (2) 

Clearly, the variables cannot be separated, as before, by dividing through by y. Here 
we adopt a somewhat different approach, First, express the dependent variable as 
the product of two unknown functions of the independent variable. Substituting 
uv for y and udv + vdu for dy gives 


dv du a 
ua, t a Fyuw=F;, 


or.rearranging 
du dv 
es ? Fu] + “ir F, 
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YOUR TURN continued 





The advantage of putting the equation in this form is that u can be made any con- 
venient function of x so long as v is then determined accordingly. Specifically, u can 
be defined such that the bracketed term equals zero. With this choice of u, the 
equation is rewritten 

dv = ae 
thus separating the variables. It can be solved easily because, with the bracketed 
term set equal to zero, du/dx + Fyu = O is a linear, first order, homogeneous 
differential equation whose solution is 
s=e ia 

Therefore, 


o= (0! “P, a0 + c 


and with y = wv, the general solution for a linear, first order, nonhomogeneous 
differential equation is 
—{ FP, dz FP, de 
y=e im [{°' F,dz + ¢| 


Example: Find the solution to the following equation 
(l—2?) y + ay=—az 
First rewrite in the form 


x 


, 
y+ 1 — 2? 


¥= 
and identify 
F, (2) = 2/(1-«*) 
F (2) = — az/(1-2*). 


Substitute these in the equation for the general solution 


ow oe tes 
1-z? 
and write the answer 
a. /2q x dz 
eee a( tet | 
y=—atc (1-2) 
Now you try 


Here are four linear, first-order differential equations. Two are homogeneous and 
two are nonhomogeneous. The answers will be found on page 117, 


1. y’ —y/e=—e 3. (Sa* + 4) yf =< 


2. y’ + (tanz) y=O 4. (a? +1) y + Qey=e* +2 
_ . oe 7 


Analytical and mathematical solutions have much higher social standing than 
empirical or graphical ones, particularly in Europe. But there are two types of 
problems in which it is far easier and quicker to be inelegant. One is illustrated by 
the two ladders in an alley. A 50-ft ladder leans from the base of the building on 
one side against the building opposite, and a 40-ft ladder leans the other way beside 
it. They cross 10 ft above the ground. How far apart are the walls? Try that one 
algebraically and you end with a murderous equation, but trial-and-error solution 
is simple and converges rapidly. 

The second illustration is the old one about the man who paid a dollar to get into 
a circus, spent half his money inside, then paid a dollar to get out. He repeated this 
routine at second, third and fourth gates, emerged broke. Undertake that by algebra 
and you have an involved problem; use simple addition, working backwards, 
starting at the final exit, and it’s easy. 
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VWHasland Duran 


CLAD 


vinyl finish 














On just about any product this built-in finish 
reduces manufacturing costs...boosts saleability 


SEND FOR SAMPLES TODAY 
Take the matter of costs. Since Masland Duran Clad is an integral 


finish, you can work with pre-finished parts. That means you can 
often do away with the need for baking and spraying. No new 
processing equipment needed, either. This colorful, handsomely 
designed vinyl can be permanently laminated to metal... and Please send information and samples of Clad. 
cut, crimped, drilled or deep drawn without distortion or marring. 
As for saleability . . . there isn’t anything that excels color-bright, 
easy-to-clean Clad for attracting immediate and favorable atten- Company 
tion to your product. For samples, mail this coupon. Street 


The Masiand Duraleather Co.. Dept. PE-J, 
Amber & Willard Sts., Philadelphia 34, Pa. 


Name Title 











Industrial Products Division 
THE MASLAND DURALEATHER CO., Dept. PE-J, Philadelphia 34, Pa. 
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No.1 
me a, 
ideas 


you can use 
in working 
with 
bearings 


Miniature and instrument bearings must be 
protected in the user’s plant so that the pre- 
cision built into them will be fully realized in 
an assembled instrument. One form of pro- 
tection is the use of rubber finger cotts by 
everyone handling bearings to prevent the 
corrosion of polished surfaces from skin acids 
—a serious threat to optimum bearing per- 
formance. 


150-page Design and 
Purchasing Manual is 
the most comprehen- 
sive treatise on minia- 
ture and instrument 
ball bearings ever 
published. Write for 
your copy—on your 
company letterhead, 
please. 





























CSS 





The problem of confining radial and axial shaft 
displacement to an absolute minimum in instru- 
ments such as gyroscopes can be solved readily 
by the use of duplex bearings. These ‘matched 
pairs”, constructed to eliminate axial play, do 
away with painstaking and time-consuming use 
of shims mounted against one face of single 
bearings. Duplex pairs are matched by NHBB 
to customer specifications. 


Radial play — the displacement of one ring 
with respect to the other along the diameter of 
a bearing —is important in the successful 
application of precision bearings and should be 
specified on orders. A range of .0002” to .0005” 
is satisfactory for most applications. The 
minimum clearance should be .0001” and the 
total spread from min. to max. should be at 
least .0002”. 


CLEARANCE “BUILT IN” BY 
EXTENDED INNER RING 





When small bearings are mounted against sur- 
faces such as flat gear faces there must be 
sufficient clearance to allow the outer ring to 
revolve independently, especially when there 
are thrust loads and axial play. NHBB extended 
inner ring bearings (the inner ring is .0312” 
wider than the outer) provide ample clearance. 
They eliminate the need for — and provide a 
firmer, more precise bearing seat than — 
washers, sleeves or gear hubs. 


Machined type retainers of laminated plastic 
permit higher speeds than stamped metal re- 
tainers and, because of the porosity, act as 
lubricant reservoirs. Bearings with machined 
retainers can withstand thrust load in one 
direction only because either an inner or an 
outer land must be ground off to permit assem- 
bly. Since most applications involve a pair of 
bearings which can be mounted to oppose one 
another this limitation is seldom a disadvantage. 





TYPICAL SPECIFICATIONS OF NHBB EXTENDED INNER RING BEARINGS 





WIDTH 
INNER 


OUTSIDE 


BORE DIAMETER 


WIDTH 
OUTER 


BEARING c 
NUMBERS RADIUS RATING 





0937 
1094 


-1562 
.1875 


.0469 
-0550 


0625 
.0781 


SROEE 005 19 
SRIEE 005 28 





-1250 
0937 


0781 
0937 


.2500 
-1875 


.0937 
.0625 


SRI-4EE 006 39 
SR133EE 005 21 





-1406 
.1250 


.0937 
-1250 


3125 
.2500 


.1094 
.0937 


SR1-SEE .006 64 
SR144EE .005 36 





-1406 
-1406 


-1250 
-1250 


3125 
3750 


-1094 
-1094 


SR2-SEE .006 66 
SR2-6EE .006 66 





-1406 
-1406 


-1562 
1875 


3125 
3125 


-1094 
-1094 


SR1SSEE 005 35 
SR156EE .005 35 





-1562 
-1562 


-1875 
.2500 


.3750 
3750 


1250 
-1250 


SR166EE .008 82 
SR168EE .008 44 





-2500 
3125 


.5000 
5000 


-1562 
-1875 








-1250 
-1562 


SR188EE 010 120 
SR1810EE .009 60 























ALSO AVAILABLE IN FLANGED AND SHIELDED CONSTRUCTION. 


NEW 


HAMPSHIRE 


BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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bearings let you 
beef up the shaft 
without increasing 
bearing 0.D. 


| ed 


Here are four new opportuni- 
ties to design shaft-to-hous- 
ing relationships not possible 
with other bearings. Thinner 
cross sections permit extra 
large bore-to-0.D. ratios. 


This new series is manufac- 
tured to ABEC-5 precision 
standards or better, of 440C 
stainless steel, with plastic 
crown retainers which act as 
lubricant reservoirs. 











OUTSIDE 
DIAMETER | WIDTH 
+ 0000 | + .000 
— 0002 00! RADIUS 
6250 1562 010 
7500 1$42 010 
8750 1562 010 
1 0000 1562 010 















































NEW HAMPSHIRE 
BALL BEARINGS, INC. 
PETERBOROUGH, N.H. 
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NEW COMPONENTS 





directs a portion of oil over the pop- | 


pet where it rejoins that portion of 
oil directed through filter element. 
Available in 
variety of porting arrangements with 
flow capacities up to 300 gpm. Vick- 
ers Inc, Div of Sperry Rand Corp, 
Detroit 32. 


Disk brake .. . 

is low-cost unit available from stock 
for wide range of industrial machinery 
and small vehicles. Furnished with 
7-, 12- and 18-in. disks to give range 
of torque capacity up to 9000 Ib-in. 
and kinetic energy capacity up to | 
million ft-lb. Can be applied by hy- 
draulic or pneumatic action and has 


universal mounting configuration that ! 


allows mounting of brake housing on 
almost any existing support. Equal 
torque forward or backward and auto- 
matic adjustment to compensate for 


lining wear also are engineered into | 


Goodyear Tire & Rubber Co, | 4) scale frequencies range from 50 


unit. 
Akron 16, Ohio. 
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High capacity casters .. . 


both swivel and rigid are equipped | 
with synthetic urethane elastomer tread | 
wheels. Wheel diameters range from | 


4 to 12 in. and treads widths from 
1% to 4 in. Wheel capacities are 
from 500 to 4000 Ib each. Swivel 
locks and wheel brakes are optional 
on many models and tapered roller 
bearings are available in wheels 6 in. 
or larger. Wheels, which can be or- 
dered separately or in casters are said 
to outwear ordinary rubber 5 to 10 
times. Tread material resists corro- 


sion and is noiseless, non-marking and | 


impervious to oil, brine and most sol- 
vents. Hamilton Caster & Mfg Co, 
1700 Dixie Hwy, Hamilton, Ohio. 
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three basic sizes and | 
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Frequency meter relay . . . 

combining a frequency converter and 
meter relay, permits preselection of 
frequency which will actuate external 
controls, such as alarm, on-off, signal- 
ling, etc., or any other control func- 
tion. Available as continuous reading 
type in which meter continues to read 
past set point to full scale and as lock- 
ing type in which meter stops reading 
at set point and will not reset itself 
until frequency signal returns to set 
point. Has input sensitivity of 10 mv 
rms and accuracy of 1%. Standard 


kc down to 50 cps. Prices start at 
$125, with delivery in 30 days. Ana- 
dex Instruments Inc, 14734 Arminta 
St, Van Nuys, Calif. 
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High current switches .. . 
make and break 25 amp at 125 or 
250 v ac in SPDT circuits. Available 
in basic style with pin actuators, and 
with overtravel plunger, leaf, leaf 
roller, lever and roller-lever actuators. 
Base styles include solder-lug termi- 
nals, step base and screw terminals 
and front-facing screw terminals. 
Molded phenolic case is 118 x tt x 18 
in. Mounting holes accept 0.139-in. 
dia pins or screws on 1-in. centers. 
Unimax Switch, Div of Maxson Elec- 
tronics Corp, Ives Rd, Wallingford, 
Conn. 
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Back pressure regulators .. . 

are suitable for 250 psi at 500 F in 
ductile iron, bronze and monel bodies; 
50 psi at 300 F in aluminum body; 
and 300 psi at 600 F in stainless and 
cast steel bodies. Self-operated units 
maintain constant upstream or inlet 


| pressure regardless of pressure fluctua- 


tions and are said to provide tight 
shut-off and accurate control during 
operation. Include self-lapping, self- 
cleaning, sliding gate seats. Control 
ranges are from 3 to 170 psi. From 
stock in “%- to 2-in. sizes at $73 to 
$450. OPW-Jordan, 6013 Wiehe Rd, 
Cincinnati 37. 
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FLEXIBLE SHAFTS 


the secret of Ford’s swing-away wheel 


The secret of the new swing-away steering wheel in the Ford 
Thunderbird is a flexible shaft between the stub shaft in the 
steering gear box and the upper steering rod. 

Here are the benefits derived from flexible shafts: 

1. Safety. Safety against failures is provided. 

2. Durability. Flexible shafts eliminate the possibility of 
play or lost motion at this juncture for the life of the car. 
3. Compact. The flexible shaft is more compact than con- 
ventional joints. 

4. Strength. \n case of power steering failure, the maxi- 
mum torque would be 660 pound-inches, which would occur 


during parking on dry pavement. The flexible shaft can 
absorb this and much more. 


Here is another example of creative engineering with 
flexible shafts. Investigate for yourself how they can solve 
many of your design problems and at the same time 
reduce costs. 

S. S. WHITE INDUSTRIAL DIVISION, 
DEPT. 14 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


Khe 
e 
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Switching and balancing unit .. . 
is a 10-channel instrument that per- 
mits bridge balancing and fast switch- 
ing of strain gages or gage configura- 
tions into a strain indicator. Said to 
be useful when readings must be 
taken on each of a group of gages and 
where time is short because of limited 
availability of testing facilities, am- 
bient temperature variations, creep, 
or other characteristics of the test ma- 
terial. Among features: individual 
gage bridge balancing; provision for 
full and half bridge configurations; 
selectivity for gage resistances of 60 
to 500 ohm on full bridge, 60 to 
2000 ohm on half bridge; and provi- 
sion for measurements to be made dur- 


| ing same test with both two- and four- 


arm bridges. Unit has balancing range 


| of +7000 microin. per in. and re- 


peatability of better than 1 microin. 
per in. after a % million channel se- 
lector switch rotations. Weighing 12 Ib, 


| it is enclosed in a Formica case 12 x 


84% x 7% in. Electronics & Instrumen- 
tation Div, Baldwin-Lima-Hamilton 
Corp, 42 4th Ave, Waltham 54, Mass. 
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Drafting instrument portfolio . . . 
is filled with transparent plastic pock- 
ets to hold drafting instruments, pad 
and pencil. Instruments include 30 
60° and 45/90° triangles, a laminated 
protractor, a French Curve and a 12- 
in. calibrated T-square with inch and 
millimeter scales. One pocket can hold 
a 9 x 12-in. drawing or tracing pad. 
Portfolio measures approx 19 x 13% 
in. when open; 912 x 13% in. when 
closed. Made of vinyl and priced at 
$3.50. C-Thru Ruler Co, 827 Wind- 
sor St, Hartford, Conn. 
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Semiconductor cooler kit . . . 
contains representative types of cool- 


| ers, including natural convection units 


and forced convection modular pack- 
age. Both complete units and modu- 
lar components are supplied, enabling 


continued, page 100 
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GRAPHITAR 


(CARBON-GRAPHITE) 


FOR PERFORMANCE 


Superior performance and unusually long service life, even in tough applications, is practically second 
nature to parts made of GRAPHITAR. That’s because they combine GRAPHITAR’s chemical 
stability, heat resistance, low coefficient of friction, adaptability to self-lubrication, mechanical 


Self-aligning seals of 
GRAPHITAR are em- 
ployed in rotary pressure 
joints handling steam, 
water, hot oil, trichlor- 
ethylene, powdered talc and a 
variety of chemicals. 





~~ ‘ equipment, which 


y) eitielite tine lectritele te 
be “ae _ iting conditions 


strength, hardness and light weight. An everyday application of GRAPH- 
ITAR that illustrates well its versatility and remarkable performance can 


be found in the face-type valves employed in bulk station gasoline meters. 
These valves incorporate GRAPHITAR seats. 


Here, GRAPHITAR’s corrosion resistance, chemical inertness and resis- 
tance to expansion or contraction under rapid temperature changes, allow 
the valves to provide a leak-tight seal with excellent wear characteristics. 
These same characteristics are neces- 
sary for good performance wherever 
steam, gas and chemicals must be han- 
dled under the most adverse conditions. 
Perhaps your product can benefit from 
the top performance of GRAPHITAR, 


a unique and versatile engineering 





material. 





Comparative testing 
of various grades of 
GRAPHITAR self- 
aligning: seals is ac 


complished on this _ | 





ts ' : 
ag GRAPHITAR rotary 
1 meee 

pressure joint seals 

such as thesé often ‘ 
GRAPHITAR is a material uniquely de 

operate at 400 psi, at i} 
signe ] 5s « 4 4 4 

650°] and ae neuen gz 7“ y it er lata am lele solving tough 
oroblems ¢ : : 

speeds of 600 ft/min problems and improving processing, and 


it can be further custom-engineered to 
meet your exact specifications. For com 
plete information on GRAPHITAR 
send for Engineering Bulletin #20 





THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
GRAPHITAR™ carson-crapnite © GRAMIX” poWDER METALLURGY © MEXICAN” GRAPHITE PRODUCTS © USG™ BRUSHES 











Here are 3 facts you should 
know about 
ited [eo] Ble), Mig Rey.u s- 





High tensile strength floats . . . spherical, elliptical or cylindrical. 
Uniformly thick walls because float halves are die-formed ... not 
spun, laminated or electro-deposited. 


Versatile use .. . for buoyancy mediums, fluid chambers, pressure 
vessels, and all mechanisms requiring floats. 


Made for working pressures up to 2500 lbs., Nicholson floats 
range from 2” to 12” in diameter and have exceptional resist- 
ance to pressure and corrosion. Steel Floats: chromium, cad- 
mium or copper plated. Also unplated, with sandblast or pickled 
finish. Stainless Steel and Monel Floats: rough buffed or pol- 
ished with smooth, highly finished welds. 


This Coupon Brings You Informative 
Bulletin On Floats 


Bulletin 753 contains facts on steel, stainless steel and monel floats, 
information on float connections, tables showing weight, buoyancy and 
collapsing pressure for spherical floats for all gauges . . . also volume 
and buoyancy data. Fill in and mail this coupon for your copy. 


Name 





Title 





Company 
Street 


City ‘ainsi = Zone State 





W. H. NICHOLSON and COMPANY 
12 Oregon St., Wilkes-Barre, Pa. 


iCHOLSON 


of Wilkes-Barre 
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designer to conduct tests using his 
own circuitry within physical layout 
and environment desired. Furnished 
with technical data at $38.50. Delta-T 
Semiconductor Cooling Div, Wake- 
field Engineering Inc, Wakefield, Mass. 
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O-ring template .. . 
aids in drawing cross sections and 


| specifying O-rings and O-ring grooves. 


Template is pocket size, made of 
semi-opaque plastic. Duplicates cross 


| section pattern of O-rings and grooves 


in actual, twice and four times size. 
Also carries dimensional and _toler- 


| ance information. Priced at $1. 


Parker Seal Co, Div of Parker-Hanni- 
fin, 10567 Jefferson Blvd, Culver City, 


| Calif. 
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Thermistor thermometer . . . 
is an automatic switching unit that 
permits fast, consecutive temperature 
measurements at several locations on 
same subject or at similar locations on 
multiple subjects. Available in either 
3, 4, 6, or 12 channels; has response 
up to 0.4 sec per 20 C change and 
accuracy of 1% full scale deflection. 
Direct reading scale is supplemented 
by an output connection for simulta- 
neous recording with any standard 
recorder. Each channel operates in- 
dependently and has its own calibra- 
tion controls. Automatic sequential 
switching between channels at 15-, 30- 
and 60-sec intervals is_ provided. 
Waters Corp, PO Box 529, Rochester, 
Minn. 

Circle 333 on Reader Service Card 


Electronic circuit template .. . 
made of butyrate plastic provides tran- 
sistor and diode symbols in addition 
to those for electron tubes and elec- 
tronic components. Symbéls are in 
accordance with MIL, ASA and IRE 
standards for electronic and semicon- 
ductor graphic symbols and are sized 
for 0.2-in. grid. Priced at $4.95. 
Quintec Instrument Co, Box 85, Alta- 
dena, Calif. 
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At Lamb Electric...Engineers with FHP motor 
“know-how’ solve intricate design problems 


At Lamb’ every fractional horsepower motor design problem Cost-wise, you’re way ahead, because Lamb Motors are 
is special. Because the problems are special, Lamb engineers mass-produced at the most favorable cost. 
funnel their years of ““know-how” into each intricate project. 


Write today for descriptive folder. Or ask to have a District 
The result: unusual benefits for you. y P . 


Engineer call and set up a personalized ‘“‘Motor Conference”’. 
Fractional horsepower motors from Lamb incorporate the ‘ : wn ye 4 eae 
best possible design, flexibility, and production economy. THE LAMB ELECTRIC COMPANY - Kent. Ohio 


* A Division of American Machine and Metals, Inc. 
If you have a special motor problem . . . here’s what you can In Canada: Lamb Electric — Division of Sangamo Company, Ltd. 


expect from Lamb. Into the design goes years of experience Leaside, Ontario 
in power components for aircraft, domestic and industrial 


products. Out of the design comes a personalized motor that’s Elect 
dependable, smooth and efficient. 

Fractionat norstrowrs MOTORS 
Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 


RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS © FILTRATION ENGINEERS *« FILTRATION FABRICS 
NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. ¢ HUNTER SPRING CO. * GLASER-STEERS CORP. 





Without 
the right servo... 
No satellite orbits 
No optical maser aims 
No telescope probes the sky 
No missile locks on target 
No tool responds to tape 


bo | 


For distinguished servo service, 
the unique Cimtrol Acradrive 
22 cu. in., 8 cylinder radial 


Hydraulic Servo Motor 


500 psi, 500 to 1/60,000 rpm; 22 
cu. in./rev. displacement; 55 cu. 
in. contained oil; 98 per cent effi- 
ciency at full capacity; acceler- 
ation up to 40,000 radians per sec. 
per sec.; only $2,000 off the shelf 
now. Write for Bulletin MM-2281E. 


Cimtrol Division 


The Cincinnati Milling Machine Co. 
Cincinnati 9, Ohio 


=> 





DESIGN LITERATURE 





| Mathematical Handbook For 
| Scientists and Engineers 


GRANINO A KORN & THERESA M 


| KORN. McGraw-Hill Book Co, Inc, 330 


W 42 St, New York 36. 6% x 9%, 943 
pp. $20.00. 

A reference book for all phases of 
advanced math likely to be needed 
b, scientists and engineers. Element- 
ary math is covered too, but treatment 
of these topics (algebra, plane and 
solid geometry) is confined to the 
first 80 pages. The remaining 650 
pages discuss such subjects as vector 
analysis, complex variables, Laplace 
transformations, tensor analysis, mat- 
rices, random processes, statistics. 

Of special interest are: a list of 
criteria locating roots of algebraic 
equations, a table summarizing pro- 
perties of Fourier transforms, contour 
integration, boundary and Eigenvalue 
problems, estimation, and a list of 
special solutions for partial differential 
equations. Important definitions and 
formulas are collected in tables and 
boxed in groups for rapid reference 
and review. The appendix includes 
integral tables, logarithms, numerical 
functions and statistical distributions. 


Response of Metals to High 
Velocity Deformation 

Edited by P. G. SHEWMON, V. F. 
ZACKAY. Interscience Publishers, 250 
any Ave, New York 1.9% x 6. 491 pp. 

The use of high strain rates to de- 
form metals and to change their prop- 
erties has concentrated on solving 
practical problems. This book, a sum- 
mary of an AIME Conference, tries to 
pin down the various factors which 
influence the mechanism of metal de- 
formation at high velocities. 

The text is divided into two parts: 
deformation at high velocities on 
mechanical testing machines; effect of 
shock waves on metals from explosives 
and other methods. One important 
contribution of the book is its stand- 
ardization of symbols and terminology 
used in the text. 

The book is a thorough discussion 
of fundamentals but has little informa- 


tion directly usable in the design of | 


parts. 


Engineering Drawing and 
Geometry 


RANDOLPH P HOELSCHER, CLIF- 
FORD H SPRINGER. John Wiley & 
Sons, Inc, 440 Park Ave S, New York 16, 
8% x 1014, 350 pp. $8.95. 


This is the second edition of this | 


popular textbook. Besides the usual 


| tion of nomographs. 





of instruments, and dimensioning, 
the book includes chapters on engi- 
neering geometry, perspective drawing, 
charts and diagrams, graphic layouts 
for empirical equations, and construc- 
Also there is a 
section on professional applications 
such as map drawing, structural 
drawing, pipe drawing, welding draw- 
ing and patent office drawing. The 


| illustrations are large with legible let- 


tering to make best use of the larger- 


| than-average pages (8 x 10 in.). An 
| appendix includes standard drafting 


room data such as twist drill sizes, 
dimensions of nuts and bolts, dimen- 


| sions of standard structural shapes, 
| graphic symbols. 


Bearings for High 

Temperature Service 

W. F. O'ROURKE, General Motors Corp. 
(PB-171151, WADD Technical Report 
60-46.) Office of Technical Services, US 
Dept of Commerce, Wash 25, DC. 8% 
x 10%, 131 pp. $2.75. 

The assignment (fulltitle: ‘“Re- 
search on Developing Design Criteria 
for Anti-friction Airframe Bearings for 
High-temperature Use.”) was to screen 
materials and lubricants to find a 
roller bearing combination that would 
take 40,000 oscillations at 600 to 1200 
F and 500,000 psi compressive stress. 
Although none of the material fulfilled 
the target requirements, some lasted 
for 27,000 cycles at 250,000 psi and 
900 F or 40,000 cycles at 165,000 psi. 
Of the materials tested, the most 
promising for 900 F were M-2 Tool 
Steel or 440-CM stainless for races and 
K-161 TiC for the balls. At 1200 F the 
best materials were CR-2 Cr Carbide 
for races and Stellite Star J for the 
balls. None of the 25 lubricant combi- 
nations added significant wear life to 
roller bearings at high temperatures. 


Other Books of Interest 
Turning Points in Physics 


Blin-Stoyle, TerHaar Mendelsohn, Tem- 
ple, Waismann, Wilkinson. Harper & 
Brothers, 49 E 33rd St, NY 16. 5% x 8, 


| 192 pp. $1.45. 


Paperback edition of book originaliy 
published in 1959. 
Casualty and Chance in 
Modern Physics 
David Bohm, Harper & Brothers, 49 E 
33rd St, NY 16. 5% x 8, 170 pp. $1.35 
Paperback edition of book originally 


| published in 1957. 


The Radio Amateur’s Handbook 


American Radio Relay League, West 
Hartford, Conn. 6% x 9%, 724 pp. $3.50 


material on projections, sketching, use | continued, page 105 
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SEAL—Exclusive, triple-supported seals 
permit interference fit of spool for extra- 
tight closure with minimum wear. Usual 
damage to conventional “O"' rings by mov- 
ing spool is eliminated. 


Do the air valves you buy 


include these 


quality features? 


SIMPLICITY—Uncomplicated parts 
mean long life and easy servicing. Com- 
mon parts are used extensively to simplify 
stocking or repair. 


This high-quality “D"’ Pilotair® Valve is 
available in thousands of combinations. 
Tailored valves at standard model prices. 
Nine basic valves may have one or two 
of eight operators. Many types of spring 
return or holding functions. 


FLEXIBILITY—Modular Construction. 
Operators, mounting holes and ports may 
be independently rotated in 90° steps. 
Operator may be on either or both ends. 


if not 

I no 9 the chances are your maintenance costs are 
higher than necessary. For more information about quality Fluid 
Circuitry Controls for trouble-free automation, ask for Catalog 


A4-75.01. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 


or refer to Sweet's Catalog, Product Design File. 


WESTINGHOUSE AIR BRAKE COMPANY 
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WAGNER Polyphase 
Resilient Mounted Motors 
in ratings through 10 horsepower 


Quiet, vibration-free performance is essential when _ phase Resilient Mounted Motors. Only Wagner can 
motors are installed in areas where noise must be held _ provide an entire range of ratings through 10 hp. 
to a minimum . . . in hospitals, churches, schools, office 
buildings, restaurants and similar locations where 
quiet is needed or wanted. 


Constant research and development have kept Wagner 
up front in electric motor design for more than 65 
years...made the name Wagner one you can de- 
Such installations have created a need for larger poly- _— pend on in choosing electric motor drives. 

phase motors that whisper while they work. Wagner 
has met this need by expanding its line of polyphase 
resilient mounted motors to include standard ratings 
through 10 hp. 


Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 32 principal cities. 


You certainly have applications that call for a smooth 


— motor, cushioned by resilient mountings. Wagner Electric Corporation 


To make sure they're quiet, specify Wagner Poly- 6406 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 
wméo-l4 


SLEEVE OR BALL BEARING 


These motors are furnished with quiet 
running steel-bocked babbitt-lined 
sleeve beorings of high lood carrying 
capacity. Ball bearings can be 
supplied when 

desired. 


CEILING, SIDEWALL OR 
HORIZONTAL MOUNTING 


You can mount these motors on walls or 
ceilings by rotating the cradle bose 
90° or 180°. Motor stays dripproof. 


NEOPRENE 
CUSHIONING RING 
Annular mountings, of 
oil-resistant neoprene 
bonded to steel rings, 
cushion the motor in 
its cradle bose to 
absorb the small 
emount of vibration 
thot remains in the 
most carefully 
balanced motor. 
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A History of the Theories of Aether 

& Electricity (2 Vols) 

Sir Edmund Whittaker. Harper & Broth- 

ers, 49 E 33rd St, NY 16. 5% x 8, Vol 1, 

434 pp, $1.95; Vol. 2, 319 pp, $1.85 
Paperback edition of the original work 

published in 1910. 


ABSTRACTS 





Effect of Sunlight On the 
Corrosion of Steel 

Laboratory tests were made which 
showed that the corrosion rate of steel 
is greater under a blue filter than un- 
der a red filter in the presence of sun- 
light, provided that a thin film of 
water covers the metal surfaces. Out- 
door tests of four-months duration 
verified the laboratory results. Steel 
specimens were exposed under molded 
glass filters which transmitted radia- 
tion within specific spectral regions. 
The results indicate that ultraviolet 
light activates the metal surface so 
that corrosion is initiated sooner or 
progresses at a faster rate than it would 
in its absence. Infrared light affects 
the metal surface so that subsequent 
exposure to ultra violet light does not 
produce the same increase in corro- 
sion. 
“Effect of Sunlight On the Corrosion of 
Steel,” by Leonard C. Rowe, General 
Motors Corp, Corrosion, June °61, 1061 
M & M building, Houston 2, Texas. 


Permanent Magnets 
Discusses typical stability charac- 
teristics of permanent magnets and 
methods used to achieve stability in 
dynamic applications. 
“Stability of Permanent Magnets,” by 
W. Beard, Beard & Fitch Ltd. Me- 
chanical World, August 1961, 31 King 
St, W, Manchester 3, England. 


Motor Enclosures 

Discusses how much enclosure is 
needed for safe operation of today’s 
almost completely sealed motors. De- 
scribes possible causes of sparking 
and explains UL methods of classify- 
ing hazards. Totally enclosed and 
explosion-proof motors are compared. 
“How Much Motor Enclosure for Haz- 
ardous Areas?”, by D. N. High, Motor 
and Generator Dept, D. K. Russel, Nor- 
wood Works, Allis-Chalmers Mfg. Co., 
Allis-Chalmers Electrical Review, Second 
Quarter, 1961, Milwaukee 1. 


Thin-film Thermometer 
Measurements 

In a recent experimental shock- 
tube study of the processes of boun- 
dary-layer transition and heat trans- 
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For ACCURATE 


MOVEMENT 
OF LOADS...USE 


DUFF-NORTON 
WORM GEAR JACKS 


Here are only four examples of the many ways to 
position accurately loads weighing as much as several 
hundred tons with Duff-Norton Worm Gear Jacks. 


1 


An application with two Duff-Norton Worm Gear Four Duff-Norton Worm Gear Jacks connected in 
Jacks mounted on swivel subbase and each lift- rectangular arrangement by Duff-Norton Mitre 
ing screw end fastened to hinged member by Gear Boxes, shafting and flexible couplings and 
means of clevis and pin. Jacks may be motor driven by gear motor to raise metal sheets to 


driven or manually operated. press level. 
es a 


—- “= 





3 


Six Duff-Norton Worm Gear Jacks as used on 
pipe-cut-off and threading machines to adjust Platen pressure obtained positively and uni- 
height of machine spindle to level of conveyor formly by two Duff-Norton Worm Gear Jacks 
table to compensate for various sizes of pipe. with rotating screws. 

There are eight standard models of these jacks—capacities range 
from 2 to 100 tons, with standard raises up to 24 inches. 

For engineering drawings of standard jacks, mitre gear boxes and 
more examples of how Duff-Norton Worm Gear Jacks are used for 
accurate movement of loads, write for Bulletin AD-66a-DD. 


DUFF-NORTON JACKS 


DUFF-NORTON COMPANY 
Four Gateway Center, Pittsburgh 22, Pennsylvania 
The Canadian Duff-Norton Co., Ltd., Toronto 6, Ontario 


DUFF-NORTON JACKS _.<f= 2 COFFING HOISTS 
Ratchet « Screw DUFF -NORTON Ratchet Lever « Air 
Hydraulic « Worm Gear Hand Chain « Electric 
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No. 2 in a series 


VIBRATION NOTES 


MB ELECTRONICS - 


DIVISION OF TEXTRON ELECTRONICS, INC. 


Representatives in principal cities throughout the world 


MB’s Iso-Damp Spring Mount 
Now Available in 4 Sizes 


combines low frequency damping 
with high frequency isolation 


The unique vibration isolation char- 
acteristics of the MB Iso-Damp 
Spring Mount can now be applied to 
a wider range of applications with 
the recent design of 3 new sizes, 
covering a spring rate range of 
14 lbs./in. to 500 lbs./in. and load 
capacities up to 50 lbs. per mount. 


The Iso-Damp principle com- 
bines low frequency damping with 
high frequency isolation. Damping 
is provided in all three directions 
through friction obtained from slid- 
ing contact between brake lining 
material and metal surfaces. Suffi- 
cient damping is provided to limit 
magnification at resonance to 5 to 1 
at low input amplitudes and to much 
lower magnification levels at higher 
inputs. 

The unique damper design results 
in equal and controlled damping in 
any direction of vibration excita- 
tion. Damping elements are ampli- 


tude sensitive so that friction 
damping occurs only in the region 
of resonance. Above this region the 
damping elements become inoper- 
ative, thus permitting maximum 
isolation. 

MB Iso-Damp Spring Mounts are 
constructed of materials chosen for 
their thermal stability, as well as 
their isolation and damping char- 
acteristics. The mounts will perform 
at continuous operating tempera- 
tures from —100 F to 500°F. 

The Iso-Damp unit will withstand 
high shock loads without mechan- 
ical failure or impairment of 
performance characteristics. The 
interlocked design of metal parts 
assures that the equipment will be 
“failsafe” under even more severe 
shock conditions. 

Write for Mount Catalog to Iso- 


mode Division, MB Electronics, 
P.O. Box 1825, New Haven 8, Conn. 
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The Importance 
of Damping 
in Isolation 


Although damping is primarily 
the concern of the isolator de- 
signer, the equipment designer 
would be well advised to know 
something about the effect of 
damping on the overall isola- 
tion of his system. Even in the 
best environment some damp- 
ing is necessary. There are 
always instances when the 
forcing frequencies correspond 
to the natural frequencies of 
the system. Without damping, 
magnification of amplitude and 
forces due to resonance would 
result, causing damage to the 
equipment or the isolator. 

While damping will reduce 
the amount of magnification 
due to resonance, it can also 
produce undesirable side 
effects. The best way to isolate 
is to avoid restraining a de- 
flection. Damping involves re- 
straint, resulting in the 
transmission of unwanted dis- 
placements or forces through 
the isolator. Consequently, in 
the region where the isolator 
is cushioning the forces or de- 
flections it is not as effective 
as it could be without damping. 
However, in the region where 
the isolator is “bobbling” at its 
natural frequency damping 
prevents the “bobble” from be- 
coming destructive. 

There are three basic types 
of damping, each having its 
advantages for particular ap- 
plications: 1. Solid damping or 
hysteresis damping, such as 
provided by rubber; 2. Viscous 
damping, such as a dashpot; 
and 3. Dry friction or coulomb 
damping, characterized by the 
Isodamp spring mount. 

The curve below indicates 
how the Isodamp unit applies 
friction damping in the region 
of resonance and cuts out at 
higher frequencies to permit 
maximum isolation. 


F DAMPER CUT-OUT 
DAMP SPRING 


T DISPLACEMENT OSO WW OA 
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TORRINGTON SPHERICAL ROLLER BEARING PILLOW BLOCKS 
.. LAE INSIDE STORY 


All these parts make up a standard series Torrington Spherical Roller Bearing Pillow 


Block. What you can’t see in the illustration is the painstaking engineering that goes 
into each part. 

Housing caps and bases, for example, are doweled in pairs throughout manufacture to 
insure perfect register. The triple labyrinth seals are designed to avoid rubbing contact. 
A removable stabilizing ring allows “fixed” or"float” operation. The Torrington Self-Align- 
ing Spherical Roller Bearing provides top operating efficiency even under heavy load 
and misalignment. 

Do you have a pillow block problem? It pays to investigate the outstanding perform- 
ance and long service life of the Torrington Spherical Roller Bearing Pillow Block. Call 


or write us today. 


O Self-aligning bearing for high radial 
and thrust capacity 

OD Split housing for easy installation 
and inspection 

O Grease or oil-bath lubrication 

O Standard or heavy duty series 
available 

OC Closed end housing optional 

0 “Fixed” or “float” operation 


progress through precision TORRINGTON BEARINGS 
THE TO RRINGT  @ ] N Cc  @ ] MPANY South Bend 21, Indiana * Torrington, Connecticut 
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MICROMETER-ADJUSTED 


REMOTE BULB 


TEMPERATURE CONTROL 


te 
ee 


108 


UNITED ELECTRIC's Type D5 Remote Bulb Temper- 
ature Control is a precision unit containing a 
micrometer adjustment for obtaining wide ranges 
and accurate temperature settings. This control has 
found exterisive use in applications such as labora- 
tory and industrial ovens, water baths, hot plates, etc. 





| —150°F. to +200°F., 70°F. to 
370°F., 100°F. to 650°F 


Temperature Ranges 





Switch Ratings 15 amps at 115 or 230 volts AC. 
Also 20 amps or DC switches on 


specification. 


N.O., N.C., or Double Throw — 


no neutral position. 





Switch Types 





On-Off Differential Approximately 1.0°F. or 2.0°F. 


dependent on model. 





Three-turn, calibrated knob rotated 
against graduated barrel. Readings 
and divisions equally spaced over 
entire range. Adjustment knob in- 
cludes calibration screw. 


Adjustment 





Made to internally located terminal 
biock via clearance hole in the 
enclosure. 


Electrical Connections 








Standard length six feet. Other 
lengths available. 


Capillary Tube Length 








Die-cast aluminum case with black 
wrinkle finish. Other finishes 
available. 


Enclosure 








Control head surface mounted in 
any position-by means of dog ears. 
May also be flush mounted. 


Mounting 








UNITED ELECTRIC manufactures a complete line of 
temperature, pressure and vacuum controls, Standard 
units can be modified or custom-built units made to 
your specifications. Additional information on temp- 
erature controls is available upon request. 


UNITED ELECTRIC 


CONTROLS COMPANY 
85 School St., Watertown, Mass. 
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| get the 
Goshen . 
Rubber.. 


~ IDEA" 


Py tad 1 ~~ 
*t0 pretisely fabricate 
parts, seals; and compo- 
nents from selected com- 
pounds, and for specific 
applications only! 


for HEAT and FLUID 
RESISTANT RUBBER 


Whatever your part’s operational environment 
calls for . . . from Silicone for high and low 
temperature extremes, to fluorocarbons for sol- 
vent resistance, Goshen Rubber has the answer. 
And, if you have an entirely new design require- 
ment, Goshen’s laboratory facilities, know-how 
and experience go to work on your particular 
need. Let us know your problemyall®” 


Ge ! Write, wire or phone 


RUBBER CO., INC. 


2010-1 S. TENTH ST. © GOSHEN, IND. 
Phone KEystone 3-1111 TWX: GOSH 870) 
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they’re safe 


with SETKO NU-CUP* 


set screws on the job! 


Ss, 


= 


ae ney P14 
\ yey \ 


* 


- 


< KG - Whether it’s supporting children on 
. ESF 74 monkey bars or harnessing a spin- 
Fas fa ning shaft you'll find NU-CUP set 
“ 42% SHARPER POINT screws dig in deeper and hold 
S { > — oe tighter. The shaft illustrated here 
tells the story. 
NU-CUP has a 42% sharper point 
which penetrates in a deep, full 
circle giving tremendous holding 
power. In some cases it actually 
reduces the number of set screws needed for the job. 
You can get them in slabbed, slotted, hex or fluted socket. 
SEND FOR FREE TEST SAMPLES and full infor- 
mation. Ask about NU-CUP set screws. 


SET/KO) SOE cee 2m 
crevy 153 Main St. 


& RAfg.Co. Bartlett, li, svar 


< CONVENTIONAL 
CK 
ZA 


ot 
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fer at high temperatures conducted 
with thin-film resistance thermometers, 
it was found that the presence of even 
very small degrees of ionization in 
the shocked gas was sufficient to in- 
duce spurious electrical signals in the 
output of the thin-film gauge. This 
paper discusses the techniques em- 
ployed in overcoming this difficulty. 









“Thin-film Thermometer Measurements in 
Partially lonized Shock-tube Flows,” by 
P. V. Marrone, R. A. Hartunian, Physics 
of Fluids, American Institute of Physics, 
335 E. 45 St., New York. 


Shaft Design 

To date, most shafts have been de- 
signed for one stress, which usually 
results in excess service life. In the 
automatic transmission field particu- 
larly, new designs are required to 
transmit more power within the same 
or even smaller housings. To meet 
these requirements, the engineer must 
either do excessive preliminary testing 
on prototypes (which is usually not 
done), or have background data on 
various shafts in the form of S'N 
curves and service conditions. 

This article describes an attempt to 

simplify the procedure for shaft de- 
sign. Although developed primarily 
for steel shafts loaded in pure torsion, 
similar methods can be applied for 
bending or combined bending and 
torsion. 
“Shaft Design for Finite Life,” by P. E 
Burke, Borg-Warner Corp. SAE Paper 
359D, Society of Automotive Engineers, 
485 Lexington Ave, New York 17 


CATALOGS 
AND BULLETINS 


To obtain copies f literature described be- 


low, circle corre ng number on | 


card inside back « . 
SPEED REDUCERS—Catalog 42C, 
24 pp. Covers right-angle, spiral bevel 
gear units of both horizontal and 
vertical design and presents formulas 
for gear speed reducer selection, guide 
for determining load characteristics of 
more than 160 applications and step- 
by-step examples of reducer selection. 
Specifications, ratings and dimension 
drawings are provided for single-re- 
duction units with input speeds from 
100 to 1750 rpm, ratios from 1:1 to 
6:1 and hp capacities from 0.14 to 
336. James Gear Mfg. Co, 1140 W 
Monroe St, Chicago 7. 

Circle 350 on Reader Service Card 


ROD ENDS AND BEARINGS— 
Catalog 102, 12 pp. Supplies dimen- 
sions, dimension drawings, load ratings 
and materials available in male and 


continued, page 
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\ Adjustable Diameter and Open 
THOMSON 





The BALL Bearing 
for all your 


t se | F ye 


Precision Series ‘‘A’’ and 
Low Cost Series ‘*B'’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 

Improve your product! Up-date your 


design and performance with Thomson 
BALL BUSHINGS! 


Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


LINEAR MOTIONS 
on 


Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


LOW FRICTION - ZERO SHAKE OR PLAY 


ELIMINATE BINDING AND CHATTER 


SOLVE SLIDING LUBRICATION PROBLEMS 


LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of %” to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
name of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. H, MANHASSET, NEW YORK 


Also Manufacturers of NYLINED Bearings... Sleeve Bearings 
of DuPont Nylon, and 60 CASE... Hardened and Ground Stee! Shafting 
















Fits in 


—to a wide range of 
in-plant and original 
equipment needs 


A remarkable series of 242” gauges 
brings you quality, accuracy and stamina 
Ranges: —along with REAL economy! 


x b All have strong 244” bonderized case and 
pategrscahang brass screwed ring with bevelled glass. 
160-200-300- All have new Marsh “Read-easy” dial. 
600-1000 Ibs. All are standard with Marsh “‘Recalibra- 

_ tor.” Every gauge is guaranteed accurate 
and30’vacuum within 1% of dial reading. 


%" bottom Two Mei cover wide range of needs: 
connection. Type 11 has silver-brazed copper alloy 
bourdon tube and bronze-bushed move- 
ment. Type 11S has 316 stainless steel 
bourdon tube with 303 stainless tip and 
socket; stainless steel and monel move- 
ment. 


Ask For 
New Bulletin 


MARSH INSTRUMENT COMPANY Dept. 39, Skokie, Ill. 
Division of Colorado Oil and Gas Corporation 


Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Edmonton, Alberta, 
Canada ¢ Houston Branch Plant, 1121 Rothwell St., Sect. 15, Houston, Texas « Eastern 
Seaboard Warehouse: Marsh instrument Company, 1209 Anderson Ave., Fort Lee, N.J. 


GAUGES + THERMOMETERS « VALVES 
CIRCLE 43 ON READER SERVICE CARD 


THE KEY TO YOUR 
SECURITY DESIGN PROBLEM 


If the equipment or product you are designing 
should have a lock, it should have the unique 
Chicago ACE® Lock. The above key fits the cir- 
cular keyway of an ACE lock and is as symbolic 
of maximum security as it is different from con- 
ventional keys. 

Because of the intricate tumbler combinations 
possible in a Chicago ACE Lock, you can specify 
your own registered, unduplicated key cut with 
duplicate keys available from the factory only. 

To learn more about the PATENT‘’S CUSTOM P 
advantages of ACE and the serves you better and more 
complete line of Chicago > bi satility of “plastics” offe 
Locks, write for a copy of ’ will mean extra saving 
our catalog and bulletins. NW ne geveien Se 


VENTILATOR 





»GHICAGO LOCK Co. Pate nt BUTTON CO. S 


KNOXVILLE, TENNESSEE PHONE 522-9621 
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female rod ends and spherical bear- 
ings. Design features are discussed. 
Split Ballbearing, Div of MPB Inc, 
Lebanon, NH. 

Circle 351 on Reader Service Card 


RETAINING RINGS—Catalog 61, 
price list 61, 24 pp each. Former con- 
tains dimension tables, specifications 
and mechanical drawings of 12 differ- 
ent series. Latter incorporates all re- 
vised prices. Industrial Retaining Ring 
Co, 57 Cordier St, Irvington, NJ. 
Circle 352 on Reader Service Card 


VARIABLE SPEED BELTS—Bulle- 
tin 24103, 20 pp. Contains lists in- 
cluding all known manufacturers of 
equipment using variable speed belts 
and belts according to size using new 
standardized numbering system which 
conveys width of sheave groove in six- 
teenths, groove angle in degrees and 
belt pitch length in inches and tenths. 
T B Wood’s Sons Co, Chambersburg, 
Penna. 

Circle 353 on Reader Service Card 


PRESSURE-SENSITIVE TAPES— 
Booklet DB-56A, 8 pp. Reviews types 
of tapes available, how they are con- 
structed and factors involved in 
choosing particular tape for specific 
application. Johns-Manville, Dutch 
Brand Div, 22 E 40th St, New York 
16. 

Circle 354 on Reader Service Card 


HYDRAULIC, PNEUMATIC PACK- 
INGS—Bulletin 341, 16 pp. Provides 
data on cup, flange, U, V packings, 
O-rings, back-up washers, one-piece 
double-acting piston cups and double 
lip shaft wiper seals. Included are in- 
formation on various materials, con- 
ditions of operation, typical design 
application, specifications, etc. Chi- 
cago-Allis Mfg Corp, 125 N Green St, 
Chicago 7. 

Circle 355 on Reader Service Card 


HIGH PERMEABILITY ALLOYS— 
Booklet, 40 pp. Contains data on 
permeability and core loss of two al- 
loys at both 60 and 400 cps. Also 
describes new approach to core loss 
calculations, selection and use of test 
methods, magnetic behavior of metals 
and various alloy tests. Tables, 
graphs and photos of testing equip- 
ment are included. Magnetic Metals 
Co, Hayes Ave at 21st St, Camden, 
NJ. 

Circle 356 on Reader Service Card 


DIRECTIONAL CONTROL 
VALVES — Bulletin 80200-A and 
80300-A, 8 and 16 pp. Former covers 


continued, page 113 
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BERRY 
~~ TOUCH-0-MATIC 


REMOTE CONTROLLED 


CLUTCH 


AND HYDRAULIC PUMP 


\ 


Inexpensive, dependable hydraulic cir- 
cuit control for mobile equipment 


ELIMINATES NEED FOR PTO 


Designed for belt, gear or direct drive 


Engagement speeds from idle to 
2200 RPM (no load speeds) 

Flow rate: 1.7 to 26 GPM 

H. P. output: % to 30 H. P. 


Berr 

















HYDRAULICS 


A 


DIVISION OF OLIVER TYRONE ORPORATION 


WRITE FOR NEW CATALOG CORINTH 1, MISSISSIPPI 
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Check Valve 


























Hi Aliows use 


‘ek. — he. a 


Jk j 


@ Standard Ports — 44", %” 


of inexpensive control valves i Uw" nw 
Bi internally pivoted—no external ond Pipe (NPTF) 


piping required 


e For oil — 3000 psi 


Mi Widely used on rotary actuators 
WRITE FOR DETAILED LITERATURE 


Manufacturers of Hydraulic Valves and Devices 


Relief Valves ® Check Valves © Restrictor Valves 
Needle Valves ® Pilot Check Valves * Special Valves 


Pressure Compensated Flow Regulators — iS 
P.O. Box 186 ® Mentor, Ohio © BL 5-3426 


luid 
ros inc. 
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SPECIAL LOCKNUTS... Ff lastentun problem, 


J el-lealolip4:le Malt) Maslelaltgiols 


wrk 


ee Pe ey: 
: world we are constantly 
1ew methods and, products 

yr this ase of:assembly in industry 
n the field of locknuts we have made 
Jol =ta fola0] lol mil oldelela-1 1M >\-t tie - ME tlelalelel ger 
4-1 Mal-> dole lola Ma @elal-1 (0) alte llel4 aummolale 
Marsden,” sizes #10—3” of ferrous and 
alolarai-laaeler Maslohi-ialel (San. 4-ml olaehale(-Masle lah] 
special application nuts, upon a basis of 
these designs .. . a few of Which dre 
here shown Olt aryl l-tMelals M-lalellal-1-14 
Tate Mike (-) ololafaal-taltMmela-Moh Zell lolol(-ME to MMal-11o 

) solve your fastening problems . 
for 12-page condensus catalog, it 
Tala itl (-Medelanlo}(-11-MEdol-ahileehilolsl mmol mmol tis 
entire product, as well as engineering 
loko MA, A-Melt tol aloha-MolaMolal-Maltlaleia-teMelale| 
forty four page catalog where more 


comprehensive information is required. 


ii iclallln tel Me liclilelelacMene lil! 
ferrous and non-ferrous 
Square and ‘12 Pointer’’ 

Conelok Huglock”’ 


Marsden” locknuts 


Bist 


) waTionaL MACHINE PRODUCTS COMPANY Fs 
otc 424250 UTICA ROAD 'aee~ @ “eS << ae ea 
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What’s Your Toughest ee ors 


considered a 


Surface Measurement Problem— DETACHABLE 


() Measuring roughness of parts that are 
(] Extra-smooth? CJ Inside small ID’s? cord set? 
(] Short or narrow? [) Remotely located? 








(] Concave or convex? C) Of critical importance? 


(] Measuring height and width of waves, bows, steps and ; Vy 
other widely-spaced irregularities? lv Often, they yield 
C] Measuring individual pits, flaws, scratches? ; : design advantages, 
— simplify assembly and 
enhance packaging 
Always, they make 
consumer storage 


e , ~ easier and cord 
Check and return this, and we’ll send free literature ( Pri replacement an 
on standard or special Profilometer®, Proficorder®, HH 
Microcorder® or Wavometer® equipment for the job. 


(.] Measuring waviness around surfaces of rotation? 
() Other: 











over-the-counter 
convenience 

Get more information 
about detachable cord 
COMPANY DEPT sets, stock cord set 
Some of the 2 and 3 wire connector components and 
ADDRESS designs available on vinyl! insulated custom-engineering 


cord sets with molded on components 
to fit your specifications 


NAME TITLE 














services offered by 
Miller Electric Co. 





Profilometer is a registered trade-mark. 


MICROMETRICAL 


MANUFACTURING COMPANY 


A SUBSIDIARY OF THE BENDIX RPORA 











3621 $. STATE RD. ANN ARBOR 5, MICHIGAN 120 Main Street + Pawtucket, R. |. 
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units with 2-way plungers and latter, 
units with 3- and 4-way plungers. 
Both carry construction features; di- 
mension, capacity and specification 
data; flow diagrams; ASA symbols 
and type designation for all sizes and 
types of valves. Oilgear Co, 1570 W 
Pierce St, Milwaukee 4. 

Circle 357 on Reader Service Card 


SPRING WASHERS—Bulletin SW-2, 
8 pp. Describes and illustrates Belle- 
ville, arc, 3-wave and other types of 
spring washers. Specifications are 
tabulated. George K Garrett Co Inc, 
Dept SW-2, Torresdale Ave at Tolbut 
St, Philadelphia 36. 


Circle 358 on Reader Service Card | 

Inc, 5930 W = Jefferson Blvd, Los 

HYDRAULIC CHECKING UNITS | 
—Catalog, 14 pp. Outlines principles 

of operation, dimensional data, engi- | 


neering features, typical applications, 
etc. Also gives details regarding op- 


tional equipment which may be in- | 


stalled on units to offer complete 
automated motion control systems. 


Pokorny Pow-R-Trol Products Inc, | 


10643 Memphis Rd, Cleveland 9. 
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QUICK CONNECTS—Bulletins 240- 
61 and 250-61, 4 pp each. Former 
deals with coupling used in high-pres- 
sure, gravity flow and vaccum systems, 
while latter covers coupling used in 
hydraulic lines. Both review design 
features, dimensions and parts num- 
bers. Snap-Tite Inc, 
Penna. 

Circle 360 on Reader Service Card 


DIRECTIONAL VALVES—Bulletin 
80125, 4 pp. Contains construction 
features, dimension data and draw- 
ings, specifications, flow diagrams, 
ASA symbols and type designation for 
all sizes and types of solenoid-operated 
fluid power pilot valves. Oilgear Co, 
1570-V W Pierce St. Milwaukee 4. 
Circle 361 on Reader Service Card 


TEFLON PARTS—Bulletin R3017, 8 
pp. Tabulates properties of molded 
Teflon and describes and _ illustrates 
X-seal rings, O-rings, back-up rings, 
packings, molded parts, extrusions and 
machined parts. 
Inc. Coraopolis, Penna. 

Circle 362 on Reader Service Card 


GENERAL PURPOSE RELAYS— 
Booklet, 8 pp. Provides specifications, 
typical applications and dimension 
drawings, as well as a “contact ar- 
rangements” chart illustrating contact 
symbols and designations for all basic 





Union City, 


Allegheny Plastics | 


contact arrangements listed by Na- 
tional Association of Relay Manufac- 
turers. Elgin Advance Relays, Elec- 
tronics Div, Elgin National Watch Co, 
2435 N Naomi St, Burbank, Calif. 
Circle 363 on Reader Service Card 


TERMINAL PANEL WIRING 
BLOCK—Folder, 4 pp. Discusses ad- 
vantages over traditional terminal and 
barrier boards and sets down specifica- 
tions and dimensions of various com- 
ponent parts. AMP Inc, Eisenhower 
Blvd, Harrisburg, Penna. 

Circle 364 on Reader Service Card 


HYDRO-PNEUMATIC ACCUMU- 
LATORS—Brochure, 12 pp. Traces 
operating principles, designs and uses. 
Eight basic circuits, utilizing accumu- 
lators, are illustrated. Greer Hydraulics 


Angeles 16. 
Circle 365 on Reader Service Card 


WOUND ROTOR MOTORS—Bulle- 
tin 104, 4 pp. Describes and illustrates 
construction features of 1- to 30-hp 
units. Specifications, dimensions and 
dimension drawings are furnished. 
Dept P, Louis Allis Co, 427 E Stewart 
St, Milwaukee. 
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PRESSURE GAGES—Bulletin 280, 
4 pp. Pressure ranges, figure intervals, 
graduations, connections, dimensions 
and specifications are given for 3- and 
5-in. dial sizes. American-Standard 
Controls Div, Rochester Instrument 
Plant, 100 Rockwood St, Rochester 
10, NY. 
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PRESSURE SNUBBERS—Folder, 4 
pp. Outlines design features, applica- 
tions, recommended porosities, pres- 
sure ratings, etc. of porous metal 
pressure snubbers. Scale drawings are 
included. Chemiquip Co, 36 E 10th 
St, New York 3. 

Circle 368 on Reader Service Card 


WIRE BRAIDED TEFLON HOSE— 
Bulletin 29, 4 pp. Reviews features, 
applications, media, working pressures 
and dimensions of extruded Teflon 
tubing with high-strength bronze wire 
braid sheath. Also covers reusable 
solid male, male and female union, 
and JIC swivel fittings. Atlantic Metal 
Hose Co Inc, 308 Dyckman St, New 
York 34. 

Circle 369 on Reader Service Card 


INTEGRAL HP MOTORS—Bulle- 
tin L-3314A, 6 pp. Contains selection 
and specification tables, mounting ar- 


rangement drawings, speed-torque 
continued, page 117 








HOW THIN 


CAN METAL TUBING 
WALLS BE? 


AS THIN AS 


. 0.0009 


INCHES! 


It’s a fact . . . fine seamless tubing 
with wall thicknesses as ultra-thin as 
0.0005 inches! This is precision tub- 
ing drawn to any specified O.D. from 
0.010” to 0.375” within tolerances of 
+0.00005 inches. 


Techniques for redrawing tubing so 
thin and within such close tolerances 
were developed in response to many 
requests for lightweight tubing with 
the properties of the many common 
metals and alloys. Accordingly, ultra- 
thin tubing is available in 304, 310, 
316, 321 and 347 stainless steels, 
Monel, Inconel, Nichrome V, Tophet 
A, nickel, copper, beryllium copper 
and glass-sealing alloys. 


Ultra-thin tubing is available cleanly 
cut to any specified length up to six 
inches. And speaking of light weight— 
500 feet of ultra-thin 304 SS tubing 
with an O.D. of 0.375” and a wall 
thickness of 0.0005” weighs only one 
pound! Rigid quality control assures 
you that every bit of ultra-thin tubing 
falls within the close tolerances. 


If you need fine precision tubing 
with all the inherent properties of a 
particular metal or alloy listed above 
and must Have the added advantage 
of light weight, investigate UNIFORM 
ultra-thin tubing by phoning or wiring 
the numbers below. Ask, too, about 
UNIFORM’s proved abilities for fabri- 
cating tubular parts to exacting spec- 
ifications. UNIFORM specializes in 
craftsmanship and fast delivery for 
fine tubing in most alloys and 
precious metals. 


UNIFORM TUBES, 


INC. COLLEGEVILLE.2, PA 
HUxley F 


7276 TWX-CGVI 44 
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CAREER 
OPPORTUNITIES IN 


ENGINEERING & 
MANUFACTURING 


Memory array has (upper) been produced at 
Remington Rand Univac by deposition of 
evaporated metal. Photos (lower) are taken 
in both black and white and color by Univac 
Research Engineers who have been photo- 
graphically observing for some time the do- 
main patterns in thin deposited films through 
the use of the Kerr Magneto Optic Effect. 


There's an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportun- 
ities for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
opportunities now available at Univac, 
in addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include: 
PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement, 


PROGRAM PLANNING ENGINEERS 


For the expansion of our PERT program 
planning effort on long range military and 
commercial projects. Prefer three or more 
years of electronic hardware or systems 
design experience in addition to association 
with PERT or critical path program planning. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 
R. K. PATTERSON, Department 88-10 


Hhaivac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh St., St. Paul 16, Minnesota 
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EMPLOYMENT OPPORTUNITIES 


DISPLAYED 


The advertising rate is $37.00 
eft a. 1960, 4 all 


———RATES——— UNDISPLAYED 
$2.10 per tine, minimum 3 lines. To 
figure payment count S average words 
as e line. Box numbers—counts as 


appearing other 
basis. > AF rates que on request. 1 lin 


An advertising inch is measured ied 
vertically on a column—3 columns, 
nt eae 


none toe 


cy Commission 


Position. “Wanted ads, % of above rate. 
Discount of 10% if full payment is 
ie im advance for 4 consecutive 
insertions. 
Not Subject to Agency Commission. 


Send NEW ADS and tequtries to Classified’) Adv. Division of Product Engineering, P.O. Box 12, N.Y. 36, 








DEVELOPMENT OR PROJECT ENGINEERS 


Challenging position in progressive U.S. company, recognized leader in its field. 
To qualify for this position, you must have: 


@ Enthusiasm to develop new products. 
® Imagination to visualize new approaches. 
@ Ability to overcome problems. 


Mechanical Engineering Degree (or equivalent) required. Minimum of eight to ten 
years development experience in pipe valves, fittings and allied fields preferred, but 


main requirement is creative ability. 


Please reply by letter giving full details of education, experience and goals. Re- 


sponses will be treated in confidence. 


P-7478, Product Engineering 


Classified Adv. Div., P. O. 


Box 12, New York 36, N. Y. 














Prod. 
Dev. 


We have an outstanding opportunity for 
qualified mechanical engineers to join 
a progressive, medium-sized company 
in the expanding office equipment field. 
We have a dynamic product-oriented 
engineering group where creativity is 
recognized. Our location is Greater Bos- 
ton and we have an excellent benefit 
program including tuition reimburse- 
ment. 


MANAGER 


This individual should possess an M.E. 
degree with 10 years’ experience in 
new product development. with special 

hasis on elect ical imprint- 
ing devices. This position requires ad- 
ministrative and creative ability, man- 





SENIOR PROJECT 
ENGINEER 


Marathon, A Division of American Can Com- 
pany and a leader in the manufacture of 
food packaging materials, has an oppor- 
tunity for a graduate mechanical engineer 
with at least 10 yeors experience in the de- 
sign and development of automatic pack- 
aging machinery and allied equipment. 


This position would require board design 
coordination of customer requirements with 
Sales and Product Development, supervision 
of draftsmen and engineers, assistance to 
shop during construction and assembly as 
well as testing and development work. 


You will be headquartered at our general 
offices in Neenah-Menasha, Wisconsin. Our 
community, within 200 miles of Chicago, 
lends a zest for living with relaxing recrea- 
tion in the beautiful and progressive Fox 
River Valley. 


If you can qualify and are interested in the 
real creative design responsibility in this 


highly specialized field, you are invited to 
apply in confidence to 


Personnel Department 


MARATHON 


A Division of American Can Company 
Menasha, Wisconsin 





aging project engineers and the desig 
section. Will report directly to the Vice- 
President of Engineering. 


PROJECT ENGINEERS 


These positions require an M.E. degree 
and a minimum of 5 years’ experience 
in electromechanical product develop- 
ment. Our Project Engineers must be 
product-oriented and preferably possess 
a background in high speed printing 
devices and will be responsible for the 
development of a complete line of ma- 
chines. 


Send resume to P. H. Sickler 


ELLIOTT 


INDUSTRIES INC. 
143 Albany St. 
Cambridge 39, Mass. 











“Put Yourself in the 
Other Fellow’s Place’ 


TO EMPLOYERS 
TO EMPLOYEES 


Letters written offering Employment or 
applying for same are written with the 
hope of satisfying a current need. An 
answer, regardless of whether it is favor- 
able or not, is usually expected. 


MR. EMPLOYER, won't you remove the 
mystery about the status of an employee's 
application by acknowledging all ap- 
plicants and not just the promising can- 
didates. 

MR. EMPLOYEE you, too, can help by 
acknowledging applications and job offers. 
This would encourage more companies to 
answer position wanted ads in this sec- 
tion. 

We make this suggestion in a spirit of 
helpful cooperation between employers 
and employees. 

This section will be the more useful to all 
as a result of this consideration. 


Classified Advertising Division 


McGRAW-HILL PUBLISHING CO., INC. 


330 West 42nd St., New York 36, N. Y. 
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How much will 


your success in engineering 


ro f-Jel-Talo Mods Mil- halal: 
the right books? 


Now—A Mechanical Engineers’ Book Plan that helps 
in your field ... at an important savings 


you keep ahead 





Start your membership with 


any of these selections: 


for Stress 
by R. J 
Ed. Brings 
than 300 
strength 


Formulas 

and Strain 
Roark. 3rd 
you more 
formulas 
of materials 
Publisher's P 
Club Price, 


Materials Handbook 
by G. S. Brady. Prac 
tical data on selection 
and specification of 
hundreds of materials 
Publisher's Price, $13.50 
Club Price, $11.50 


Gear Design 
Dudley. How 

design and produce 
vears, and keep them 
running properly 
Publisher's Price, 


Club Price, $7.2 


Practical 


by TD. W 


$8.50 


ASME Handbook—En- 
gineering Tables. A 
wealth of ‘hard 
find” tables and design 
information to make 
your work easier 

Publisher's Price, $15.00 
Club Price, $12.75 


to 


Kesins by H 
and K Neville 
Fully treats their mod 
ern applications and 
technology. 
Vublisher's 
Clab Price, 


Epoxy 
Lee 


Price, $8.00 


86.80 


Pro- 

by 
Ex 
appli 


Hiow to Become a 
fessional Engineer 
J DD. Constance 
pert guidance 
cable in all states 
Publisher's Price, 
Club Price, $4.70 


$5.50 


Successful 

Writing by i 
How make good 
money and advance 
your career with tech 
nical writing 

Publisher's Price, 
Club Price, $4.70 


Technical 
icks 


to 


$5.50 











Your engineering career owes a great deal 
to books. Why not take advantage of this 
convenient, economical way to have the 
best professional books available when you 
need them? THE MECHANICAL ENGINEERS’ 
Book CLuB brings you the essential tech- 
nical literature in your field. It also helps 
vou overcome today's high cost of building 
a professional library by saving you an 
average of 15% from publisher's prices. 
How the Club Operates. Six times a year 
you receive free of charge The Mechani- 
cal Engineers’ Book Club Bulletin. This 
gives complete advance notice of the next 
main selection, as well as many alternate 
selections. If you want the main selection 
you do nothing; the book will be mailed to 
you. If vou want an alternate selection 
—or no book at all for that period—you 
can notify the Club by returning the con- 
venient card enclosed with each Bulletin 
Saves You Money and the Bother of Shop- 
ping. You agree only to the purchase of 
three books in a year. Certainly out of the 
large number of books in your field offered 
in any twelve months there will be at least 
three you will buy anyway. By joining the 
Club you save both money and the trouble 
of searching. 

Send No Money Now. Just check the book 
you want as your first selection on the 
coupon below. With it you will be sent the 
Product Engineering Design Manual for 
only one dollar. Take advantage of this 
offer and receive two books for less than 
the regular price of one. 





\ 





| oe 


4 


ACCEPT THIS 
$10.00 BOOK 


#720 


with membership in 
The Mechanical 
Engineers’ Book Club 


FOR 
ONLY 


PRODUCT ENGINEERING 


Edited by 


Douglas ( 


DESIGN MANUAL 


Greenwood 


This useful guide helps you get quick solu 


tions 
likely 
offers 
methods 
charts 
efficiency 
ponents, 


ered, 


clutches, 
ponents, mechanical movement 
Product Engineering 


typic selections of 


ICAL 
are 


the 


CLIP AND MAIL THIS 


THE MECHANICAL ENGINEERS’ BOOK CLUB, Dept. PE-10-2 


330 West 42nd Street, New York 36, N. Y. 


Please enroll me as a member of The 
Club 
the special club price and $1 for 
Manual, plus few cents delivery costs. 
charge on prepaid orders.) Forthcoming 
scribed in advance and I may decline any 
only 3 selections or alternates in 12 months 
(This offer good in U. 8. only.) 


PLEASE PRINT 
Name as 


Product 
(The 


book 


Address 


City Zone State 


Company 


If not 
10 days and 


NO RISK GUARANTEE 


of 


completely 
your 


selections 


Mechanical Engineers ‘ 
You will bill me for my first selection indicated at right a 
Engineering 
Club assumes this 
will be 


need 


chosen 
sultants 

standing 
literature 
authoritativeness 


to the 
to arise in 
a ready 


practical 
or 


from 
control 


of the 
ENGINEERS’ 
by 
Their 
of the 


in 


NOTE: If 
volume you 


engineering 
your 
-made 
drawings, 
and reliability 
complete 


range of product engineering 
accessories 


qualified 


standards 
your 


you 


problems 
work It 

file of 
formulas, and 
aids for engineering top 
into devices, com- 
products A full 


topics is cov 


design 
everyday 
design 


tables, 


assemblies to 


electrical com 
and others 
Vanual is 
MECHAN 
All books 
edit and con 
thoroughgoing under- 
and values 
field guarantees 
of the selections 


already own this 
substitute any 


and 
devices 


Design 
THE 
300K CLUB 
rs 


e 
o 


the 


may 


other book on this page as your 
DOLLAR book. Check two books 


below and 


you 
higher priced selection for only 
$1.00. 


will receive the 


COUPON TODAY 


C] Formulas 


Book 


t 


Desian 


de 
take 


membershij 


satistied 


membership 


~] Epoxy 


you may 


will tbe 


Send as my first selection: 


Practical 
$7.25 


ASME 


How 
Successful 


turn your 


anceled 


for Stress 


Strain, $7.25 


Materials Handbook, $11 


Gear 


Handbook 
neering Tables, 


9 TF 


$12.75 
Resins, $6.80 


Become a 
Engineer, 


to 
sional $4.70 
Fechnical 
ing, $4.70 


ship with 


PE-10 


| 
| 
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| 
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BEPUB LIC) | uce costs 
| aS z acer Sette 


[.] Improve appearance with 
DIE CAST ZINC ALLOY 
design ere & MOLDED NYLON 
3000 psi : 
© Uniformly accurate aes 
PRES-UR-SEAL |) wm | Ekae "ry 


also available Die cast or molded in one | 
in Delrin high speed automatic opera- | 


? hod : 
SELECTOR VALVE | ten, SRC ene ook: a 
i rust-proof & corrosion resistant Wing Screws 


) surfaces and the lowest possi- 
' ble cost. New kinds o ae : 
teners never before available MOLDED 


. . modifications in stock 
fasteners for specialized use NYLON 
. . « infinite variety in styles, 
i 


types and sizes, have en Sc : 


NOW! Fe High in quality 


made possible by GRC’s spe- 
{ cial automatic die casting and 
MACHINE SCREWS from | molding machines. . c= 
miniature #0 thru V4" © Write, wire, phone RIGHT |  \y_¥ 
in wide range of lengths § NOW for samples, prices, 
and head types. wm your copy | Cy GRC's “Hex Nuts” 
Also SET SCREWS, NUTS » NEW DET e 
from #2 thru 5/16”. ae PASTENER CATALOG 


GRC’s wide selection of 


ee. 
rie SS i F 
molded fasteners avail- ee Ro A: : 
able from stock. Samples ft 4g ie . qi 
sent immediately. ; - . ' 


Ss, 


GRIES REPRODUCER CORP. 

W orld’s foremost Producer of Small Die Castings ; A | 

159 Second St. New Rochelle, N.Y. NEw Rochelle 3-8600 Linglators 4 
CIRCLE 49 ON READER SERVICE CARD 





Get the greatest benefit 
@® LOW COST 
@ ALUMINUM ALLOY from Product Engineering 


@ EASY TURNING by having your own sub- 


@ LONG LIFE scription. 
@ AIR OR OIL SERVICE 


New Pres-Ur-Seal design brings this valve into “cost” You oT then read the articles and 
line with spool and similar type valves, and has many advertisements at your convenience— 
other advantages inherent in the balanced-seal type. and set up your own information file. 


For lubricated air service to 2000 psi; oil to 3000 psi. — , , 
Max. internal leakage, oil—1 drop per minute. Panel Use subscription card in back of this 


mounting. Side ported. Internal pipe threads, 4” to 1”. issue or write direct to: 











Stocking distributors coast to coast 


R F p T B | c 1“ Circulation nae 


MANUFACTURING CO. Product Engineering 


FLOW e DIRECTIONAL e@ PRES 
ee sonal 23rd Floor 


VALVES 330 W. 42nd St. 
siethaienseaillh 
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DESIGN LITERATURE 





curves, and principal dimensions of 
general purpose units. Also pictures a 
number of special units. Kingston- 
Conley Inc, Sub of Howell Electric 
Motors Co, Plainfield, NJ 

Circle 370 on Reader Service Card 


ADJUSTMENT POTENTIOM- 
ETERS—Brochure 7, 4 pp. Sum- 
marizes performance data on 20 basic 
models, includint resistances, power 
ratings, operating temperatures, etc. 
Dimensions and prices are supplied, 
as well as cutaways of 4 models. 
Bourns Inc, Trimpot Div, 6135 Mag- 
nolia Ave, Riverside, Calif. 

Circle 371 on Reader Service Card 


O-RING SEAL—Bulletin 1-065, 6 pp. 
Explains and illustrates reasons for 
“OQ” shape, how O-ring works and how 
seal reacts to pressure. Seals Inc, 393 
Central Ave, East Orange, NJ. 

Circle 372 on Reader Service Card 


AC CAPACITORS—Catalog MS61- 
10, 16 pp. Reviews capacities and 
physical dimensions of motor-run, 
motor-start capacitors. Formulas are 
given for selection of proper units. 
Aerovox Corp, New Bedford, Mass. 
Circle 373 on Reader Service Card 


URETHANE HYDRAULIC COM- 
PONENTS—Data sheets, 2 pp each. 
One covers physical characteristics, 
sizes and dimensions of urethane rod 
wiper/scrapers, while other deals with 
sizes and types of urethane O-rings. 
Disogrin Industries, Div of Pellon 
Corp, 510 S Fulton Ave, Mt Vernon, 
NY. 

Circle 374 on Reader Service Card 


BERYLLIUM COPPER ROD—Bul- 
letin R-1200-A, 8 pp. Covers alloys 
and sizes, giving data on tensile 
strength, yield strength, elongation, 
Rockwell hardness, electrical conduc- 
tivity and other properties of three 
alloys. Nominal composition, speci- 
fications for ordering and tables for 
selection of proper alloy are included. 
Beryllium Corp, Reading, Penna. 
Circle 375 on Reader Service Card 


Answers to problems on page 94 


mma: 27 + oF 
Ans: K cos x 

827 + 4-2 
Ans: K (. ————) 


xt +22? + ¢ 


Ans: 4 (2? 4 1) 
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for pumps as individual , 
as a fingerprint! ° 


SPECIFY 


doors and out, year after year. 


NORTHERN 
NITRALLOY 


PUMPS 


Northern designs and builds quality into every pump. For each 
application, materials are selected with infinite care—gears 
with ground tooth form for perfect contact, correct clearances. 
Meticulous inspection at every stage in the manufacturing 
process assures efficient, economical, lasting service for even 
the most difficult pumping tasks under rugged conditions, in- 


Northern Nitralloy Pumps are available in capacities from 
Y4 to 146 GPM at pressures up to 2000 PSI. Within this range 
there is a pump as individual as a fingerprint — as “special”. 


as you want it. 


Write today for free catalog and engineering data. 


Northern Ordnance Incorporated 
Subsidiary of NORTHERN PUMP COMPANY 


Minneapolis 21, Minnesota 
CIRCLE 50 ON READER SERVICE CARD 





MICRO-PROCESSED 
FOR EXTRA 
RELIABILITY! 





Micro-processed |-S beryllium cop- 
per compression springs, being non- 





Call or write for 
1-S catalog 
including data on: 


e COMPRESSION SPRINGS 

e FLAT SPRINGS 

e STRIP SPRINGS 

e CONTACT RINGS mre 

e CONTACT sTRIPS §°”FELS 

e SCREW MACHINE 
PRODUCTS 


FOR FURTHER 
INFORMATION 


magnetic and corrosion resistant, 
and having good electrical conduc- 
tivity, are exceptionally well suited 
for critical applications. Undesirable 
internal stresses are removed dur- 
ing heat treatment resulting in bet- 
ter current carrying capacity, lower 
drift and higher endurance life. The 
exclusive process by which 1I-S 
Micro-processed springs are manu- 
factured make it possible to fulfill 
the most exacting specifications in 


all respects. Unusually close toler- 
ances are held on diameters rang- 
ing from .020” to 1.00” ID. Labora- 
tory certified beryllium copper wire 
in standard B & S gages from .0025” 
to .072” with a tensile strength of 
over 200,000 psi is used in producing 
1-S Micro-processed springs. Close 
quality control is maintained to in- 
Sure correct spring rate and load 
requirements. 


INSTRUMENT 
SPECIALTIES 


CO-INC .. 
234 Bergen Bivd. Oey 
Little Falls, N. lore 


Telephone: CLifford 6-3500 


CIRCLE 117 ON READER SERVICE CARD 


117 





Readouts 


Series 10000 


DISPLAY NUMBERS, WORDS, 
COLOR, and SYMBOLS 


Ideal for computers, electrical and 
electronic test equipment, control 
systems, and annunciation boards. 
Price complete from $18.00. Write 


today for complete detailed speci- 

fications and quantity prices. 
Inoustriat Evectromic ENsineers, inc. LE 
5528 Vineland Ave., North Hollywood, Calif. 
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a new booklet 


THAT SHOWS YOU HOW 
OUT OF BUYING FELT 


New, handy bulletin “Comparative Properties of Industrial 
Felt” shows you immediately which felt to use. It’s FREE for 
the asking! 


CONTINENTAL FELT COMPANY, since 1905, has been supply- 
ing America’s leading companies with more than 300 grades 
of felt, in wool or synthetics 


. 
STOCKED FOR PROMPT DELIVERY 


CUT TO YOUR REQUIREMENTS 





INDEX TO ADVERTISERS 


This index te published as a conventence to the 
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AMP, inc 

Alemite Div., Stewart-Warner Corp 

Allen-Bradley Co. 

American Lava Corp., Subs., 
& Mfg. Co 

American Stock Gear Div., Perfection Gear Co 

Anaconda American Brass Co 

Anchor Coupling Co., Inc 

Armstrong Cork Co. 

Avdel, Inc. 


Minnesota Mining 


Barksdale Valves 

Berry Hydraulics Div., 

Bower Roller Bearing Div., 
Bearings, Inc. 


Oliver Tryone Corp 
Federal-Mogu!-Bower 


Char-Lynn Co. 

Chicago Lock Co 

Chicago Rawhide Mfg. Co 

Cincinnati Milling Machine Co., Cimtrol Div. 
Continental-Diamond Fibre Co., Subs. 


Budd Co. 
Continental Felt Co., Inc 


Dodge Mfg. Crop. 

Dow Chemical Co. 

Duff-Norton Co. 

du Pont de Nemours & Co., (Inc.), E. I., Poly- 
chemicals Dept. 3 


Elastic Stop Nut Corp. of America 25 
Emerson Electric of St. Louis 4th Cover 


Firestone Rubber & Latex Products Co., Div., 
Firestone Tire & Rubber Co 75 
Fluid Controls, Inc 111 


Garlock, Inc. 83 
Goodrich Chemical Co., B. F., Div., B. F. Good- 

rich Co. 26 
Goodyear Tire & Rubber Co., Industrial Products 

Div. 28-29 
Goshen Rubber Co., Inc 1 
Great Lakes Steel Corp., Div., National —, 2 


Corp. 
Gries Reproducer Corp 116 
Handy & Harman 89 


Industrial Electronic Engineers, Inc 
Instrument Specialties Co., Inc 117 
International Nickel Co., inc 24 


Kaupp & Sons, C. B 4 
Kaydon Engineering Corp 71 


Lamb Electric Co 
Link-Beit Co. 
Lord Mfg. Co 


McGraw-Hill Book Co., Inc 

MB Electronics 

Marsh Instrument Co., Div. of Colorado Oil & 
Gas Corp. 

Masiand Duraleather Co., The 

Micrometrical Mfg. Co., Subs., 

Miller Electric Co 


Bendix Corp 


National Machine Products Co., Div., Standard 

Pressed Steel Co 112 
National Seal Div., Federal-Mogul-Bower Bearings, 

Inc. 3rd Cover 
New Departure Div., General Motors Corp 7 
New Hampshire Ball Bearings, Inc 96-97 
Nicholson & Co., W. H 100 
Northern Ordnance, Inc., Subs., Northern Pump 

Co. 117 


Patent Button Co. of Tennessee, Inc. 110 
Perkins Machine & Gear Co 
Phillips Chemical Co., Subs. of Phillips Petroleum 

Co. : 


Racine Hydraulics & Machinery, Inc 
Republic Mfg. Co. 

Republic Steel Corp 

Robbins & Myers, Inc 


SKF Industries, Inc 

Sealol, Inc. 

Set Screw & Mfg. Co. 

Stevens Mfg. Co., Inc 
Stewart-Warner Corp., Alemite Div 
Stokes Molded Products Co 


Thermo-Chem Corp. 
Thomson Industries, Inc 
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Beery care is taken to make Ut accurate but 


esponsibility fer errors or omissions 


Tomkins-Johnson Co 
Torrington Co., Bearings Div 


Uniform Tubes, Inc 
‘Inited Electric Controls Co 
U. S. Graphite Co., Div. of the Wickes Corp 


Wagner Electric Corp 

Waldron-Hartig Div., Midland-Ross Corp 

Warner Electric Brake & Clutch Co 

Westinghouse Air Brake Co., Industrial Products 
Div. 103 

White Industrial Div., S. S 98 

Worthington Corp. 2nd Cover 





W. D. LANIER, Jr. advertising sales manager 
WALTER PERSSON mgr. marketing services 
R. W. BARNETT circulation manager 
RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9... Ray K. Burnet, 
tree St., N.E., 875-0523 

BOSTON 16... M. A. Williamson, Jr., 
McGraw-Hill Bldg, Copley Square, Congress 
2-1160 

CHICAGO 11... A. E. Meanor; T. R. Coash, 
645 N. Michigan Ave, Mohawk 4-5800 

CINCINNATI 2... P. B. Robinson, Carew 
Tower, Garfield 1-5474 

CLEVELAND 13 Lee Anderson, 1164 
IMuminating Bldg, 55 Public Sq, Superior 
1-7000 

OALLAS 1 Frank LeBeau, 901 Vaughn 
Bldg, 1712 Commerce St, Riverside 5-7117 

DENVER 2 . . . John W. Patten, Tower Bidg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26... . P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25 D. O. Hanson, 
Prudential Bldg, Jackson 6-1281 

LOS ANGELES 17 . . . Robert Obenour, 1125 
West 6th St, Huntley 2-5450 

NEW YORK 36... B. K. Adams, F. J. Me- 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3. . . John B. Lewis, 
Nicholson, 6 Penn Center Plaza, 
8-4330 

PITTSBURGH 22 .. . C. F. Leveroni, 4 Gateway 
Center, Express 1-1314 
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SAN FRANCISCO 11 . J. J. Hernan, 255 
California St, Douglas 2-4660 


1375 Peach- 


W-724 


H. M. 
Locust 


SUBSCRIPTIONS: Send subscription correspondence and 
change of address *. Fulfillme nt Manager PRODUCT 
ENGINEERING, 330 42nd St.. New York 36, 7 
Subscribers should novity Fulfillment Manager promptly 
of any change of address ee postal zone number, 
if an If possible, enclose an address label from a 
recent issue of the magazine. Since copies are addressed 
one to two issues in advance please allow one month 
for change of address to become effective. Subscriptions 
are solicited only from executive, engineers and con 
sultants engaged in the design of machinery and other 
engineered products Position and company connection 
must be indicated on subscription orders 
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add to your DESIGN REFERENCE FILE from t 












(please print or type 


Single reprints free 
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609—DON'T OVERLOOK ELECTRO- 
FORMING 


It needn't be costly with these new 
mandrel systems, plating alloys and 
lesign methods 

610—SOLDERED ELECTRICAL 
CONNECTIONS 
A complete design procedure covering 
all types 

611—WHICH CLUTCH? 
rhree-step procedure pinpoints type 
location and size 


Name 


Company 


Street 
AND MAY WE HAVE THIS 

| 24 47 70 93 116 139 162 309 332 355 
225 48 7i 94 | 140 163 310 333 356 
3 26 49 7 95 8 i4l 164 311 334 357 
4 27 50 73 96 119 142 !65 312 335 358 
5 28 5i 74 97 120 143 166 313 336 359 
6 29 52 75 98 121 144 167 314 337 360 
7 30 53 76 99 122 145 168 315 338 36! 

31 54 77 100 123 146 169 316 339 362 
? 32 55 78 101 124 147 170 317 340 363 
0 33 56 79 102 125 148 I71 318 341 364 
| 34 57 80 103 126 149 172 319 342 365 
2 35 58 81 104 127 150 173 320 343 366 
13 36 59 82 105 128 It5i 174 321 344 367 
14 37 60 83 106 129 152 175 322 345 368 
15 38 6! 84 107 130 153 300 323 346 369 
16 39 62 85 108 131 154 301 324 347 370 
7 40 63 86 109 132 155 302 325 348 371! 
18 41 64 87 I10 133 156 303 326 349 372 
19 42 65 88 | 134 157 304 327 350 373 
20 43 66 89 135 158 305 328 351 374 
21 44 67 90 113 136 159 306 329 352 375 
22 45 68 91 114 137 160 307 330 353 376 
23 46 69 92 15 138 t61 308 331 354 377 


FOR YOU: USEFUL NEW DESIGN IDEAS! 


Have your personal copy of PRODUCT ENGINEERING sent every other week to 
your office or home. ACT NOW. Fill out this card today. Don’t miss a single issue. 


For personal subscription one year, $3. Check box 


INFORMATION ON YOUR COMPANY 
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NATIONAL BUD’ OIL SEALS 


OVER 3,500 DIFFERENT SIZES IN PRODUCTION 


BUD (Bonded Universal Design) Oil Seals 
field-proved in over 20 million cars, trucks and buses. 
Economical, ready when you need them. 


National has complete tooling to provide you with a broad 
range of dependable BUD® seals covering virtually 100 
shaft sizes for standard applications. 


In National BUD seals, the lip is permanently bonded to 
the metal casing. This means less rubber needed, less 
frictional heat at contact points, longer life, less space 
required in applications. Bonded design eliminates in- 
ternal leakage, and BUD seals are phosphate coated to 
avoid rust. With these features plus superior concen- 
tricity and rugged, simple design, BUD seals have proved 
outstanding in many millions of hours of widely varied 
field usage. 


Available with single or dual lips; in single case design 

for standard precision shaft sealing, or double case de- National 470,000 
sign for heavy duty use of severe press fit. Sealing mate- 

rials are available for temperatures from —80°F to + 400° 

F, to operate in most oils or industrial fluids. 


The bonded design was pioneered at National Seal— 
industry’s oil seal headquarters for 40 years. If yours is a 
standard application, your National Seal field engineer 
has the proper BUD seal for prompt delivery; if yours is 
a special design his experience can help you cut sealing 
costs. He’s listed in the Yellow Pages, under “Oil Seals.” 


New 20-page National Catalog 61-B 
lists BUD seals available now. 


National 450,000 Write for your copy today. 


National 480,000 


NATIONAL SEAL 
SR AR 78 St 


*BUD (Bonded Universal Design) Plants: Van Wert, Ohio; Downey and Redwood City, California 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
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BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


Is Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 
at all tiMeS-_The bronze bearing in Emerson 


Electric Motors has thousands of tiny cells that cause the 


bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
vou install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom 
engineered to meet your specific needs. Call us today . 
you'll like our way of doing business! 


-EMERSON ELECTRIC of St.Louis + Since 1890 


Oo €& PT M21 8100 FLOR ISS AN T . S$ T Louis 3 6 MO . co 7 1800 


CIRCLE 175 ON READER SERVICE CARD 























